DOCUMENT RESUME 



ED 257 661 



TITLE 



INSTITUTION 

PUB DATE 
NOTE 

PUB TYPE 

EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



SE 045 757 

Views on Science Policy of the 1963 U.S. Nobel 

' -ureases in Science . Hearing before the Coram: * .ee on 

lence and Technology, U.S. House of 
h. preservatives , Ninety-Eighth Congress , Second 
Session , March 8, 1984. 

Congress of the U.S., Washington , D.C. House 
Committee on Science and Technology. 

85 

73p. 

Legal/Legislative/Regulatory Materials ( 09C } 
MF01/PC03 Plus Postage. 

Astronomy; Botany; Chemistry; Economics ; Federal Aid; 
♦Financial Support ; Genetic Engineering; ^Government 
Role ; Hearings; Higher Education ; Mathematics; 
♦Opinions; Physics ; *Policy; *Sciences; Scientists 
Congress 98th; *Nobel Prizes ; *Science Policy 



ABSTRACT 

Four of the 1553 United States Nobel laureates ir 
science provided the U.S. House of Representatives Committee on 
Science and Technology with the i r views about the current state of 
American science and U.S. government science policy as well as 
comments on one or more aspects which they believed should be brought 
to the committee ' s attention . These laureates are : (1) Gerard Debreu 
( laureate in economics for research on market equilibrium) ; (2) 
William Fowler (one of two astrophysicists awarded the Nobel prize in 
physics for research on stellar evolution ) ; (3) Barbara McClintock 
( laureate in medicine and physiology for her discovery of "mobile 
genetics elements" ) ; and (i) Henry Taube ( laureate in chemistry for 
creative work in inorganic chemistry ) . One of the major areas 
addressed by these laureates was the continued financial support for 
science programs, laboratory equipment , and training of future 
scientists. (JN) 
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VIEWS ON SCIENCE POLICY OF THE 1983 U.S. 
NOBEL LAUREATES IN SCIENCE 



THURSDAY, MARCH 8, 1984 

House of Representatives, * 
Committee on Science and Technology, 

Washington, DC. 

The committee met, pursuant to notice, at 10 a.m., in room 2318, 
Rayburn House Office Building, Hon. Don Fuqua (chairman of the 
committee) presiding. 

Present: Ri-presentatives Fuqua, Winn, Walker, Cctinger, Sensen- 
brcnner, Gregg, McGrath, Walgren, Skeen, Gore, Volkmcr, Bate- 
man BoehlerCJfcCandless, Lewis, Dymally, Valentine, Reid, and 
Boucher. 

Staff present: Harold P. Hanson, executive director; John Holm- 
feld, science policy staff; David S. Jeffrey, minority staff director; 
and Dave Clement, minority counsel. 

iM. Fuqua. Th? committee will be in order. 

It is both a pleasure and honor to again have these hearings with 
the Nobel laureates in science. This is our sixth annual hearing 
with the Nobel laureates in science. In the past years we have, 
with one exception, only been able to have the American laureates 
come before the committee. 

This year, however, for the first time since 1976 all the laureates 
are Americans and we are especially pleased that all but one of 
these distinguished U.S. scientists can be with us today. 

The fact that sine - 1955 American scientists have been strongly 
represented among the science laureates is, I believe, testimony to 
the strength of America's science in general. It suggests that the 
system of Federal support for science which we have evolved in 
tms country following World War II is basically sound. 

That basic strength does not mean that there is no room for im- 
provement and for adjustment to emerging conditions apd circum- 
stances. We have therefore invited our witnesses today to give us 
the benefit of their views about the current state of American sci- 
ence and our Government science policy. 

We hive asked you to discuss one or more aspects of those issues 
which In your view should be brought to our attentiomFollowing 
your comments, members of the committee will probably have 
some questions that we will ask you to respond to, if you so choose. 

We want to welcome you here today and thank you for taking 
time from your busy schedules to join us in this consideration of 
the state of American science. 

■ l) 
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1 would like at this time to recognize the distinguished gentle- 
man from Kansas, Mr. Winn, who is the ranking Republican on 
the committee, for any comments that he wishes to make. 

Mr. Winn. Thank you, Mr. Chairman. 

I appreciate the opportunity to join you in welcoming our distin- 
guished guests today. The awarding of Nobel Prizes in Science to 
American citizens has become such a common event that many 
people are not even aware that this distinct honor can be bestowed 
on citizens of any nation of the world. 

While each of us is certainly aware that your individual, tremen- 
dous achievements in science overreach national boundaries, at the 
same time, we cannot help but be proud as American citizens. And 
as a Member of Congress and a member of the prime committee ior 
the authorizing of Federal funds and Federal support for science 
research and development, I believe each of us here takes pride in 
the fact that each of you is an affirmation of the success of our ef- 
forts to create the proper climate nationally for the continuation ol 
fruitful scientific endeavors. 

I would be remiss if I did not taks this opportunity to mention 
briefly a topic that is probably foremost on the minds of the Mem- 
bers of Congress these days. That topic is the size of the Federal 

deficit. , , , , , 

As 1 hope you all are aware— and I know you are— we are look- 
ing at a national deficit for the fiscal year 1985 somewhere in the 
range of $IK0 to $200 billion. Faced with these kinds of frightening 
figures Members of Congress have to be extremely prudent when 
it comes to authorizing or appropriating money for either new or 
existing programs. 

Certainly, in a© ideal world the members of this committee 
would like to see a great deal more money spent in fostering scien- 
tific research and development. Unfortunately, in this real world 
that cannot be the case. . 

it thus becomes the difficult job of this committee to set prior- 
ities for Federal support of science. We would certainly appreciate 
anv words of advice that each of you could give to the committee 
on" the problem of setting priorities in science from your perspec- 
tive in the scientific community. 

Mr Chairman, as in years past, it has always been a great honor 
to have such distinguished scientists appear before us as witnesses 
and guests, and I look forward with a great deal of interest to their 
testimony. 

Thank vou, Mr. Chairman. 

Mr. Fuqua. Thank you, Mr. Winn. 

We are pleased to have as our guest today the 198.i laureate, Uv 
Gerard Dobreu, a Laureate in Economics from the University ot 
California at Berkeley; Dr. William A. Fowler, a Laureate in Phys- 
ics from the California Institute of Technology; Dr Barbara 
McOintock, a Laureate in Medicine and Physiology from Lold 
Spring Harbor Laboratory. Long Island, and Dr. Henry Taube, a 
Laureate in Chemistry from Stanford University. 

Dr Debreu we will be pleased to hear from you. I know some ot 
you have prepared statements, others may not. But we would be 
pleased to hear from vou and we will go down the line. It tne 
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panel— the distinguished panel, I should say- wishes to make any 
comments, and at the end there may be other comments. 

Dr. Deb re u, we will be pleased to hear from you at this time. 

(The biographical sketch of Dr. Debreu follows:] 
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7HXS YEAR'S ECONOMICS PKIZE IS AWARDED. FOR RESEARCH OK MARKET 
EQUILIBRIUM 

The Royal Sw«<iish Academy of 
Sciences has decided to award 
the 1983 Prize in Economic Sciences 
in Memory of Alfred Nobel to 
Professor Gerard Pehr eu, Univer- 
sity of California, Berkeley, USA, 
for having incorporated new 
analytical methods into economic 
thecry and for his iigorous 
reformulation of the theory of 
general equil ibrium. 



Genera, ^ ma r k e t equ i 1 1 b r i urn 

Thi? year's Prize is awarded for penetrating basic research 
work In one? of the most central fields of economic science, the 
theory of general equilibrium. 

In a decentralized market system, individual consumers and 
firms make decisions on the purchase and sale of goods and 
services solely on the basis of self-interest Adam Smith had 
already raised the question of hew these decisions, apparently 
independent of one another, are coordinated and result in a 
situation whereby sellers usually find Outlets for their planned 
production, while consumers realize tneir planned consumption. 
Smith's, answer was that, given price and wage flexibility, price 
systems automatically bring about the desired coordination of 
individual plans. Towards the end of tr.e 19th aentury, Leon 
Walras formulated this idea in mathematical terns as a system of 
equations to represent consumers' de.-ar.u for goods and services, 
producers 1 supply of these same roods anc services and their 
demand for factors of production, ana equality between supply, 
and demand, i.e. equilibrium it. each market. But it was not 
untiJ long afterward that this s/ster. of equations was scru- 
tinized to ascertain whether it r,ad an economically meaningful 
solution, whether this theoretical structure of vital 



KUNGL, 

VETENSKAPS/M<ADEMIEN 
THE ROYAL SWEDISH 
ACADEMY OF SCIENCES 



Btil f COPY AVNUmJt 

* %>v ma 9 



importance for understanding the market system w*s logically 
consistent, 

Gigfard tfebreu's major achievement is his work in proving the ' 
existence of equilibrium-creating price*. His first fundamental 
contribution came in the early 1950s, in collsboration with 
Professor Kenneth Arrow. Arrow received the>£72 Prise in. 
Economic Sciences in Memory cf Alfred NoWX for his work in • 
this and other adjacent fields. 

Krrow and "Debreu designed a mathematical model^ of a market 
economy where different- producers planned their output of good* 
and services and thus also their demand - for factors of production 
in such a way that their profit was maximized. Thus connections 
were generated within, the model between* the supply of goods and 
demand for factors of production on the one hand and all prices 
on the other. By making additional assumptions about consumer 
behaviour Arrdy and Debreu were able to generate demand functions 
or "correspondences", i,efc relations between prices and supplied 
and demanded quantities. In this model Arrow and Debreu managed 
to prove the existence of equilibrium prices, i,e, they confirmed 
the internal logical consistency of Smith's and*walras f model 
of the market economy. , 

Subsequent to these pioneering efforts* there has been consider- 
• able development and extensions cf such proofs with "Gerard Debreu 
at the forefront, His book "Theory of Value" from the late 1950* 
has already become a classic both for its universality and for 
its elegant analytical approach. The theory developed in this 
study lends itself to many far-reaching interpretations and 
applications. The concept of "gocds*, for instance, is defined 
so broadly *hat the theory r^ay be used in pure static equilibrium 
analysis, the analvsis of the spatial distribution of production 
and consumption activities, intertemporal analysis and the 
analysis of uncertainty. Thus, within the sare model «©ebreu 's 
general equilibrium theory intergrates the theory of location, 
the theory of capital, and the theory of economic behaviour under 
uncertainty. _ 

Efficient r esource utilisation 

An essential issue w.,ich is related to the market economy and 
wh. ch can also be traced back tj Adam Smith concerns the 
normative properties of the rr.arr.et* allocation of resources* will 
the fulfillment of self-interest through the "invisible hand"- 
of^the market mechanism lead to efficient, utilization of scarce 
resources in society? Will the resources be us^d and production 
adapted so as to result in a situation where any atterrpt to 
make one individual better off r.»ces?arily means takinq away 
from other individuals, i.e. a situation without any waste 
whatsoever? It has long beer, known tr*at in certain circumstaneer 
market price formation has sue, efficiency properties, but the 
exact nature and full extent cf me conditions wr.tch must be 
satisfied in order to guarantee them had no: been determined. 
Through the work of Debreu and his successors, these condition 
have be^n clarified and analysed in detail. 
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The fdea*of the market economy also concerns stability of 
equilibrium. ArV interesting-prop^ty oi stability Jjivolves the 
question of wnether it would be prcfitao^ for any* gr* up of 
market agents to withdraw completely from the rtafket economy 
so as to ensure, independently, 'ir.&rcvemerit of the agents'," own ^ 
economic position, pebreu has rn^de ensuring contributions, in 
this fi.'ii, especially in a joint article from the early 1960s 
with Bexiiert Scarf, arid through subsequent rajor accomplish- 
ments. He has shown that *« very lar^e economies (i.e. with 
numerous market agents) it will net be profitable for any 
group to cease tradihg in %h*. marnats. Hor.ce in this respect 
the market equilibrium will W stable- 

Debiiu haa also made significant cent r ibutigns to the theory 
or consumer behaviour. He has indicated possiblcf representations 
of consumer preferences in terms of so-cal led utility functions, 
and has also studied the feasibility of consistently aggregating _ 
individual demand functions over rfc ups of individuals.^ ( 

Dibreu's inf luenc e 

.-•cbroii's foremost contribution is perhaps of a more indirect 
mature, nowever. His clarity, analytical stringency and in- 
sistence on always making a elesrejt -iFtinct^on between a 
theory and its interpretation have had J profound and unsur- 
pass* A effert on the choice of rettic-ds nn£ analytical techniques 
iii economi/s'. \ 
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STATEMENT OF DR. (iEKARO DEBREU, J983 LAUREATE IN ECO- 
NOMICS, AND PROFESSOR OK EC ONOMICS Ai\p OF MATHEMAT- 
ICS, UNIVERSITY oFtALIFORNiA, BERKELEY, CA 

Dr. Debreu. Thank you, Mr. Chairman. 

American scientists were given a special accolade in 1983 when 
five of them received every Nobel Award in the fields of physics, 
chemistry, physiology, medicine, and economics. 

Only three times before, in 1946, 1968, and 1976, were all the sci- 
ence prizes awarded to the United States. Our appearance before 
your committee, therefore, marks an exceptional occasion which is 
made more exceptional still by the presence among us of one of the 
seven women laureates in the 83-year history of the Nobel Science 
Prizes. Another statistic further underscores the success of scientif- 
ic research in this country. Out cf a total of 180 living science lau- 
reate, 103 are American citizens. This record should permit us to 
be objective when we check the health of our research establish- 
ment. 

The envirortment provided for scientific work by our universities, 
private foundations, corporations, Government agencies, and espe- 
cially the National Science Foundation, has been superb during the 
greater part of the last half century, I vividly recall the deep im- 
pression that it made on me at the time I discovered it in 1949 as a 
Rockefeller fellow making a 1-year visit to the Uniteo States, and 
especially after June 1, 1950, when I became a research associate of 
the Cowles Commission for Research in Economics at the Universi- 
ty of Chicago. In the summer of 1955 I moved to Yale University 
with the Cowles group, and in 1962 I joined the University of Cali- 
fornia at Berkeley where I am presently a professor of economics 
and of mathematics. " 1 

The three gi^at universities with which I have been associated 
during the past 34 years provided a nearly perfect setting for the 
research I have wanted to do. Moreover, during the last two dec- 
ades, the Economics Division of NSF has given me, more than any- 
thing else, time for that research. To all these institutions I owe a 
great debt. There is perhaps no more appropriate opportunity for 
me to acknowledge it than that offered by this hetr.mg. 

But it is precisely because that environment .has been so valuable 
for me that I have become concerned about its preservation. Many 
scientists have made statements to this committee about the sup- 
port of fundamental research by the Federal Government. Since 
the initiation of these special hearings, however, in 1979, only one 
of the five new American Nobel laureates in economics testified, 
and mathematics was never represented. Therefore I take it as my 
particular responsibility to speak today about the two fields with 
which I am- associated. 

The least j>erceptive observers of the influence of science on our 
society are impressed by its spectacular manifestations, among 
them the exploration of space, the harnessing of nuclear energy, 
and the development of computer technology But few of those ob- 
servers fully understand how each one of those achievements nec- 
e^irily rests on a sophisticated mathematical basi%. Bec§4S£ ab- 
stract ion is of the essence in matheih^$,;ft;^ 



matieiMns to explain to nonscientists, sometimes even to scientists, 
the result** obtained in their field. 

Moreover, the impt^*, of a mathematical idea on other scientific 
fields may be felt only after a significant time lag, and on techno- 
logical realization after an even longer delay. The misperception of 
the role of mathematics in our scientific culture has powerfully 
contributed to an underestimation of its value and, indirectly, to its 
underfunding. 

Thus, from fiscal 1970 to fiscal 1982, tne support of NSF in con- 
stant dollars increased by 215 percent in physics and by 43 percent 
in chemistry. In the mathematical sciences it decreased by 2 per- 
cent. The effects of this small decrease were magnified by tne dras- 
tic reduction in the support of basic research in mathematics by 
the Department of Defense, beginning in the midsixties. 

The consequences have been deeply felt in many ways through 
the entire mathematical community of the United States. Mathe- 
maticians in their most productive years have not been given the 
research time that they need. An increasing number of exception- 
ally gifted students of mathematics have turned to other activities: 

However, after more than 13 years of level support by NSF 
mathematics and of sharply decreased support by the Department 
of Defense, the danger signals sent by mathematicians were per- 
ceived in Washington. From fiscal 1982 to fiscal 1983 the constant 
dollar support of the mathematical sciences by NSF increased by 5 
percent. This was followed from fiscal 1983 to fiscal 1984 by an 8- 
percent increase that carried the support of the mathematical sci- 
ences by NSF to $4Ui million. 

Thus, the first steps have been taken to restore the momentum 
of mathematical research in the United States. A full restoration of 
that momentum will require a doubling of the 1984 level of sup- 
^port. 

While mathematical sciences suffer because too few try to com- 
prehend their accomplishments, economic sciences suffer because 
too many readily believe that they can pass judgment on their per- 
formance. The resulting misconceptions are great and widespread. 
According to a narrow view, science must predict. Yet, the natural 
sciences have great theories 4hat are nonpredictive. The theory of 
evolution is one of them. Another is the history of the universe 
that physicists are currently writing. Both the theory of evolution 
and the history of the universe attempt to explain, as does a large 
part of economic theory. When economists undertake to predict, 
the imperfections of their forecasting are often judged without ref- 
erence to the imperfect forecasting of meteorologists or to the im- 
mense complexity of economic systems and to the numerous non- 
economic ^!.ocks to which they are subject. 

The limitations on the scope of economic theory and the imper- 
fections of economic forecasts have sometimes led to an agnostic 
approach that consists of accumulating statistical data in the hope 
that regularities will suggest themselves. That this methodology 
has led to disappointments would not surprise the natural scien- 
tists who are guided by theoretical hypotheses in collecting their 
data. 

Those, and other factors, have resulted in the dramatic decrease 
in the constant dollar budget of the economics program of NSF by 
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45 percent from fincal 1979 *o fiscal 1982. The devastating 45-per- 
eent cut that took place within thut 3-year period was followed by a 
further 2-percer t cut from fiscal 19H2 to fiscal 1983, and then by a 
sudden 2(^perct*nt increase from fiscal 1983 to fiscal 1984, carrying 
the NSF economics budget to $9.4 million. The 26-percent increase 
experience in 1 year indicates an abrupt reversal of the recent 
trend. It must be followed by an increase i**he order of 70 percent 
in the support of the core subjects of economics to br ug that sup- 
port back to the level of fiscal 1978, 

The field of mathematical economics, in which I have worked for 
some 35 years and that I more specifically represent today, might 
seem lo have been put in double jeopardy by the budgetary devel- 
opments in mathematics and in economics that I have reviewed. 

In fact, the impetus that it received in the forties has not yet 
spent itself completely. It will, however, need reinforcement in the 
near future. For that impetus a large share of the tribute must be 
paid to the memory of one of the great scientists of our period. 
John von Neumann at the same time made contributions of the 
first magnitude to mathematics, to theoretical physics, to the devel- 
opment of computers, and to economics. The last field occupied him 
for several years of his research career. He appreciated its intellec- 
tual challenges and overcame several of them. He would have been 
an outstanding witness at a hearing of your committee similar to 
the present 

John von Neumann was one of the many magnificent gifts that 
Adolf Hitler made to the United States. This country deserved 
those gifts and was able to receive them because of its open door 
policy. The continued migration of scientists to the United States 
following World War II is reflected in the fact that at the present 
time 30 of the 103 living American Nobel science laureates are for- 
eign t>rn. It should therefore also be a matter of concern for the 
science policy of this country that its door is no longer so wide open 
as before to scientists who wish to move to the United States. 

Thank you for the privilege to address you. 

[The prepared statement of Dr. Debreu follows:] 
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Statement of Gerard Debreu 
Professor of Economics and of Mathematics, 
University of California, Berkeley 
before 

The Committeemen Science and Technology 
U. S, Houue of Representatives 
Thursday, March 8, 2964 



Mr, Chairman and Members of the Committee on Science and Technology, 

American scientists were given a special accolade? in 1983 when five of them 
received every N'obel Award iw^Jhe fields of Physics, Chemistry , 
Physiology -or-Medtcfne, and Economics, Only three times before (in 1946, 1968, 
and 107fi) were ail the science Prizes awarded to the United States. Our ap- 
pearance before your Committee therefore marks an exceptional occasion, which 

is made more exceptional stlii by the presence among us of one of the seven^ 

# 

women laureates in the 83 year history of the Nobel science Prizes. Another 
statistic further underscores the success of scientific research in this country. 
Out of a total of ISO living science Laureates. 103 are American citizens. This 
record should permit us to be objective when we check the health of our re- 
search establishment. 

The environment provided for scientific work by our universities, private 
founoations, corporations, government agencies, and especially the National 
Science Foundation, has been superb during the greater part of the last 
half -century . And t vividly recall the deep impression that it made on me at the 
time I discovered it in 1949 as a Rockefeller Fellow making a one -year visit to 
the I'nited States, and especially after June 1, 1950, when 1 became a Research 
Associate of the Cowies Commission for Research in Economics at the University 
of Chicago. In the summer of 1955 I moved to Yale University with the Cowies 
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group, and in IW2 ! joined the University of California at Berkeley where i am 
presently a professor of economics and of mathematics. The three great univer- 
sities with which I have been associated during the past 34 years provided a 
nearly perfect setting for the research I have wanted to do. Moreover during 
the fast two decades, the Economics Dlvisisn of NSF has given me, more than 
anything else, time for that research. To all these institutions I owe a great 
debt. There is perhaps no more appropriate opportunity for me to acknowledge 
it than that offered by this hearing. 

But it is precisely because that environment has boon so valuable for me that 
1 have become concerned about its preservation. Many scientists have made 
statements to this Committee about the support of fundamental research by the 
Federal Government Since the initiation of these special hearings however in 
11)70. only one of the five new American Nobel Laureates in economics testified. 
And mathematics wan never represented. Therefore i ta*e it as my particular 
responsibility to speak today about the two fields with which I am associated. 

The Iea*t perceptive observer* of the influence of science on our society are 
impressed by its npeetacular manifestations, among ♦.hem the exploration m 
spate, the harnessing of nuclear energy, and 'he development of computer 
technology. Bui few of those observers fully understand how each one of tbjse 
achievements necessarily rests on a sophisticated mathematical basis. Because 
abstraction is of the essence in mathematics. It is difficult f»>r mathematicians to 
explain to non-scientists, sometimes oven to scientists, the results obtained in 
their field. Moreover the impact of a mathematical idea on other scientific 
fields may be felt only after a significant time lag. and on technological realiza- 
tions after an oven longer delay. The mispei ception of the role of mathematics 
in our scientific culture has powerfully contributed to an underestimation of its 
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value, and indirectly to it* underfundlng Thus from Fiscal 1970 to Fiscal 1982 
the support of N'SF in constant dollars increased by 26% in Physics, and by 43 o 
in Chemistry, In the Mathematical Sciences it decreased by 2%. The effects of 
this small decrease were magnified by the drastic reduction in the support of 
basic research in mathematics by the Department of Defense, beginning In the 
mid- sixties. The consequences have been. deeply felt in many ways through the 
entire mathematical community of the United Stg Mathematicians in their 
moit productive years have not been given the research time that they need. 
An increasing number of exceptionally giftvd students of mathematics have 
turned to other activities. However after more than 13 years of level support 
by \SF- Mathematics and of sh . -piv decreased support by the Department of De- 
fence, the c* t angt*r signals sent by mathematician* were* perceived in Washington. 
From F» cal 1982 to Fiscal ! 4 J83 the constant dollar support of the Mathematical 
Sciences by N'SI increased by So. This was followed from Fiscal '983 to Fiscal 
198*1 by^arnTu inrrvHsp that carried the support of the Mathematical Sciences by 
NSF to 41.6 million. Thus the first steps have been taken to restore the momen- 
tum of mathematical research in the United States. A full restoration of that 
moment jm will require a doubling of the 1U84 level of support. 

While mathematical sciences suffer because too few try to comprehend their 
accomplishments, economic sciences suffer because too many readily believe that 
they can pass judgment on their performance . The resulting misconceptions are 
grefL and widespread. According to a narrow viow # science must predict. Yet 
the natural sciences have great theories that are non-predictive. The theory of 
evolution is one of them. Another is the history of the universe that physicists > 
are currently writing, Both the theory of evolution and the history of the uni- 
verse attempt to explain , a* does a large par* of economic theory. When econo- 
mists undertake to pi edict, he imperfections of their forecasting are often 
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Judged without reference to the imperfect forecasting of meteorologists or to the 
immense complicity of economic systems and to tho numerous non -economic 
shocks to which they are subiect. Tho iiniitatic^oi^Uj^c^ of economic the- 
ory and the imperfection* of economic forecasts have sometime* iod to an agnos- 
tic approach that consists of accumulating statistical dat« in the hope that 
regularities will suggest themselves, That this methodology has led to disap- 
pointments would nut surprise the natural scientists who are guided by theory 
Ural hypotheses in collecting their data. These, and other factors, have 
resulted in the dramatic decrease in the constant doUar budget of tho Economics 
Program of NSF by 4b fl o from Fiscal 1979 to Fiscal 19B2. The devastating 45°* cut 
that took place within that three year period was followed by a further 2°o cut 
from iixu. i!MJ to Fiscal 1083 and then by a sudden 2i?% increase from Fiscal 
1'JtU to Fiscal 1»W4 irtrrying the NSF-Kconomics budget to 9.4 million, The 26°o 
Inenw rAprrtenrfd m one yrar indicates an abrupt reversal of the recent 
trend It must be followed by an increase on the order of T0° o in tho support of 
the core subjects of economic* to bring that support back to the level of Fiscal 
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The field mathematical economics, in which I have worked for some 35 
years and that I more specifically represent today, might seem to have been put 
i" double jeopardy by the budgetary developments in mathematics and in eco- 
nomic that i have reviewed. In fact the impetus thM it received in the forties 
has not yet spent itself completely. It will however need reinforcement in the 
near future. For that impetus a large share of the tribute must be paid to the 
memory of one of the* great scientists of our period. John von Neumann at the 
same time made contribution* of the first magnitude to mathematics, to theore- 
tical physics, to the development of computers, and to economics. The last field 
occupied him for several years of his research career. He appreciated its Intel- 
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UntunI *htillen«es iiurf .>vi*n aim* ii'vi'ral of them. IK* would have been an out- 
standing witness at a hearing "f y° up Committee, similar to the present. 

John von \Vuiii.inn whs one of the* many magnificent gifts that Adolf Hitter 
made to the l.'mted States This ountry denerved those gifts and was able to 
receive them because of its open door poiu j, . The continued migration of scien- 
tists to the 1'mted States following World War II is reflected in the fact that at 
the present time 30 of the 103 living American Nobel science Laureates are for- 
eign horn It should therefore also be a matter of concern for the Science Poli- 
cy of this country that its door is no longer *o wide open as before to scientists 
who wish to move to the Tinted States 



Mr, Fi'QtiA. Thank you very much, Dr. Debreu. 

I)r Fowler, we will be pleased to hear from you at this time. 

[The biographical sketch of Dr. Fowler follows:] 
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FOWLER. VILLI AH AJLSE E. Xttiiltute Ffofs*sor mi C-UfomU 

o* Tfconolc»y, 1565 Sea P*»qtt*t St., Fasedee*, wetif. »• *«8- ?f Wi» - 
Pittsburgh, Fe. >. John KcLeod (dec*****) «* J*»U Su»rs (Veteoa) ffton|«f(f .e^ai ) 
Ll«, Ohio. «. Arctt*** Foy OlsUted. of fuWiu, Cellf., Awf. 5&, 19b0. 
c. Hary tolly Fowler, Karth* Suaaa*r» fwitr gefcc^eewnn. 

Mucgnw: Ltm. Centre! Mlfih School, 1929* lecfcelor of Eoilneerittg **7"c*, 
Ohio St%tt Univ., 1933) Pb.P. in Phy*tcs, CeUf. Xo*t. of Tec*., 193** 
Dlssartation: R*4ie*xtir* Elsaeeots of Low Atomic *e*b*r. 

FoMtlonsj Ceiifotnie XoetitOwe o£ Technology: Reseerch Fallow In *»clsur 
PnysicT* 1936-39; A*et. Prof, of Ffcyalce, 1939-^J Assoc. Prof, of *oFflci, 
1^2-1*6; Prof, of Phytic*. 19U6-70; Xn*tUute Professor of Phytic*, i 970-1^62. 
Selittt. r&.«OrTf Phy.!^ Ur* W .. 1982. Pulhrlgh t L^turer, fie-brHg. 
University, 195^55; Cuggesheiei Fellow, 185»*-5S, 1961-62, Ikaeerovs ***** 
lectureship*, Afforiccn *niv*x*ltlea fc collegee, 1957- 

Affiliations : 

AMrScin Fhyaicel Society 1938, Freaidant, 1976 
Katiooel Acedaary of Sciancss 19&6, Council 19TW-77 
loisr national A»trono#ical Union l$&8 
Acer I tan Aetronoaricsl Soclaty 1958 
Asa r lean Philosophical Society 19&2 
Cosaw* Club 1966 

Ffllov, Aaarlcan Academy of Art! and Sc lane as 19&5 
Fsllov, Royal Aetrono*ic*l Society 1968, Aisoclete 1975 
8«nj.i..ilo Franklin FmIIm, Roy el Soclaty of Arta 1970 
Honorary Haaibar, Mark Twain Soclaty 1976 
Astronomical Soclaty of the Pacific 1979 
Plant tary Soclaty (Founding Neasfcar) 1930- 
Nstlonal Aaaociatioo of 8*11 road Fassen^ars I98i- 
Soclaty for Scientific s*pl«r*tlon (Fouadlag K*»°*0 1Qft 2- 

, Mggbar ; 

Naval **sserch Adviaory Ccaeaittse (NRAC) 1962-70 
Sp.ca Scianca Board (HAS } 1970-73, 1977-80 

National Scianca Board (NSF) A rv-i*«.« ia77-?a 

Nuclear Scianca Adviaory CoaaaUta* lKSF/l>0£) 1977-61, Ch.tmen 1977-79 

Visiting Co«aUtt*e for KRA0 1977 '"W 1 iq81-W8U 
Advlaorv Couaaittea, Physics Division, SSF \9&l 

rtablr. Cowiieioo oo rhy*. Sel.ncee, X*the*etics & Resource. KAS/KAE/KRC 1981-1984 
Chelroan, Office of Phyeic.l Sciences, AKPS N\S/NAE/K»C 1981-1982 fIB ,« UM 2 
Los Aleaos Adviaory Cceaalttaa oo the National Underground Science Facility <NUSF>19S2* 
Maaber, Penal on Public Affaire, APS &• other Coaarfttea* APS/AXT 1981- 

Awa r d i : • 

Naval OTdneoca Development Averd, USX, 19^ 
Mrdal for Merit, ITSA. V)kS (Praaident Harry Truoen) 
Ohio Stata Untvaralty Laaaa* Kedal 1952 
Llage Kadal r Unlvarait/ da LUfe, 19^5 

California Co-Scientist of the Ya.r 19S8 (with B. Fraenkel-Conret, lioch^iat, Serk.ley 

Barnard Krdal for Meritoriou* Sarvice to Science for 1966, Cotu»Ma I'nlvarelty 

Apollo Achiavaaa^nt Av*rd, NASA, 1969 

Too V. Bonnar Prlxe, AmarUen Phy»ic*i Sociatv. 19" 0 

C. L'nger Vctlcarn PrUa, Columbve '^ivtralty, 19" 3 

national Medal of Science, USA, 197^ < Preiidant Carald Pord> 

Honorary Doctor of Scltnca. UnivaraUy of Chicago. lv"-. 

Rddtngtun Mrdal t Royal Aftrono«icel Society, London, 

Honorery Doctor of Sciance. Ohio Stata Univariity, 19^ 

Bryca Cold Medel. Aitronottical Society of tha Pacific, X^l^ 

Doctorat Honotia Ceuaa . Univerait* de Liega. 1°?1 

Doctoret Honorl* C*u>« Obaervetoira da Pari*. T J . ; l <Aw/.. ded 1982) 

Honorary Doctor of Scianca. D*nUc» University I9i_ 

Rearerch: Studlet of nucie*r force%eod reaction r*tea> owcleer ipactroacopy? 
Tha itruetore of light nodal; nucieer 4*trophyiica; ther»onucla*r 
aeurcee of atetlfr energy and elcaemt a yn thesis in steri aod euoeraov**; 
supernova Model a; isotoplc anossallca In neteoricee end the origin of 
tha Polar syatast; oucieoooipochroooiof f, **ody of generel rel*tiviitlc 
effects in quaser end putter »odala. 

Drfepf t Rec ord; Raseerch end developestat proximity fu*ea, rocket ordc*aca, 

end^toiaTc v**ponf; ReM*ri,h uteff m*m~, Sec. T, WW; Research ttaff mm., 

Piv. U m XDffLA^l: Asst. Bit. of Research. Sec. t, &U. 5, HDRC Wi^S; 

Ord. Oiv., % *n4 D, NOTS X9fc5; Sci. Dir., Project VX8U, *pt. Defease 1951* 

55. 
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THIS YEAR'S PRIZE IN PHYSICS TO TWO ASTROPHYSICISTS 

The Royal Swedish Academy of Sciences 
has decided to award the 1983 Nobel 
Prize in Physics to Professor 
Subrajynanyan ChandraseTcftisr , University 
of Chicago, Chicago, USA, for his 
theoretical studies of the physical 
processes of importance to the struc- 
ture and evolution of the stars, and 
to Professor William A. Fowler , 
Ca lifornia Institute of Technology / 
Pasacena, USA, for his theoretical 
and experimental studies of th^ 
nuclear reactions of importance in 
the formation of the chemical elements 
in the universe. 

The common theme of this year's Nobel Prize in Physics is stellar 
evolution* A star is formed iron the gas and dust clouds which 
exist in the galaxies. Under the influence of gravity, there is 
a condensation which slowly contracts to form a star. In this 
process, energy is released whi:n leads to the heating of the 
newly-formed star. Finally the temperature is high enough to 
s>ot off .nuclear reactions in the interior of the star. As a 
result, the hydrogen, forming the manor part, is burnt to helium. 
This creates a pressure which sio;s t/ie contraction and stabilizes 
the star so that it can exist for millions of years- When the 
hydrogen has been consumed, oth'rr r,-clear reactions take over, 
particularly in the more massive st.rs, and increasingly heavy 
elements, up to iron, are formed. Vr.er. tne evolution ftas reached 
this stage, the star can no lonrcr resist gravity, and it under- 
goes some form of collapse, the ev.art nature of which depends on 
the mass of che star* In some instances the collapse takes the 
form of an explosion whose visible result is the creation of 
a supernova. This brings about 2. :-ric: but extremely intense 
flow of neutrons, which leads t- th? formation of the very 
heaviest elements* For less hea-y stars having a mass of the 
order ot our Sun. the collapse r-'f3 :iso to a so-called white 
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dwarf* The matter has here been compressed so that one cubic 
centimetre weighs around 1 kilogramme* The electron shells of 
the atoms have been crushed and the star consists of atomic 
nuclei and electron gas. For slightly heavier stars, the final 
stage is an even more compressed state in which electrons and 
nuclei unite to form neutrons, for the heaviest stars having a 
mass in excess of 2-3 Solar masses, the force of gravity 
becomes so strong that t.*e matter simply disappears in the form 
of a so-called black hole, 

This should indicate that stellar evolution gives examples of 
a number of physical processes of fundamental importance. Many 
scientists have studied these problems, but Chandrasekhar and 
Fowler are the most prominent. 

Chandraseknar 1 s work deals with a large number of features 
in stellar evolution. A major contribution is the study of 
the stability problem in different phases of the evolution. 
In recent years he has studied relativist ic effects, which 
become of importance because of the extreme conditions arising 
during the later stages of stellar evolution. Chandrasekhar 1 s 
possibly best-known achievement, accomplished when he was in 
his 20' s, is the study of the structure of white dwarfs. Al - 
though many of these investigations are of older dates, they have 
through the great progress of astronomy and space research in 
recent years gained renewed interest. 

Fowler' s work deals with the nuclear reactions which take place 
in the stars during their evolution. In addition to generating 
the energy which is radiated, they are of importance because 
they lead to the formation of the chemical elements from the 
original mattor, which chiefly consists of the lightest element, 
hydrogen. Fowler has done extensive work on the exper imental 
study of nuclear reactions of astr : physical interest, as well 
as carried out theoretical calculations , Together with a number 
of co-workers, he developed , during the 1950s, a complete 
theory of the formation of the chemical elements in the universe, 
This theory is still the basis d5 our knowledge in this field, 
and the m~>*t recent progress in n.cle^r pr.ysiCE and space 
research has further confirmed itr correctness. 
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Subrahroanyan Chandr aeekhar 
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Born in Pittsburgh, USA, on 9 August,. 1911 

Ph California Institute of Technology, Pasadena* ISA, 

1936 k . 

Professor of Physics, California Institute of Technology, 
Pasadena, USA, 1946 
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STATEMENT OF DR WILLIAM A. FOWLER, 1983 LAUREATE IN 
PHYSICS, INSTITUTE PROFESSOR OF PHYSICS, EMERITUS, THE 
CALIFORNIA INSTITUTE OF TECHNOLOGY PASADENA, CA 

Dr. Fowler. Mr. Chairman, 'members of the committee, slightly 
over 2 years ago, on March 4, 1982, 1 testified before your Subcom- 
mittee on Science, Research and Technology. Mr. Walgren was in 
tie chair and Mr. Dymally was present, on the then critical situa 
tu n concerning instrumentation in university and college laborato- 
ries. 

It is gratifying to know that substantial progress ha? been made 
in alleviating Shis situation in the last 2 years. NS*, DOE, and 
DOD have in place programs dedicated in one way or another to 
funding the purchase of scientific equipment, especially in universi- 
ties with graduate departments. 

There is still some concern in my mind regarding the situation 
in undergraduate colleges which give bachelor tagrfes based on 
studies in the sciences.lt is my contention that undergraduate co> 
leges should be provided with research grants and the appropriate 
instrumentation if they offer degrees in the science©. Aspiring 

Soung scientists, whether headed for teaching or research, should 
e given hands-on training in real research not just labo^arory ex- 
ercises. 

One cannot learn modern physics playing with inclined planes 
and pulleys. Even those destined for a career in theory ought to 
have the op tion of doing a hands-on experiment of some real rel- 
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evancc*. All of this will require college science faculties with a few 
members who are interested in research as well as teaching. There 
will be a bonus: bett * people will be interested in college positions. 

Now, in my testimony 2 years ago I said you are not going to 
hear from me a litany of what science can do for the general wel- 
fare, for the economy, or for the national defense. Let me assure 
you, 1 do not deprecate the applications of science to engineering 
and engineering to technology, I do hope that these applications 
will be benign. 

My field of research is the application of nuclear physics to as- 
tronomy. It is a benign application in comparison to reactors and 
bombs. The whole matter has been a paradox for me all of my pro- 
fessional life. I do not know the answer to that paradox but of one 
thing I am certain. The science of nuclear physiqs which explains 
the origin of sunlight must never be used to raise a dust cloud 
wh* v h will obscure that sunlight. 

Well, be that as it may, my primary concern is that science be 
supported by the Government in part bemuse of its contributions 
to the intellectual needs of the American people and all the people 
in the world, for that matter. 

Men and women have intellectual needs as well as cultural and 
physical needs. These intellectual needs can only be satisfied by 
the continuing effort to obtain new knowledge about the universe 
and about the physical laws which govern it. 

Now, permit me to discuss briefly an example which is very close 
to my mind and my heart. In doing so, I may overstep' the bounds 
of propriety regarding self-interest and special pleading, in that I 
am suggesting the support of a search for knowledge in which I am 
greatly interested. I can assure you, however, that the search will 
involve no monetary gain for me nor for the institution with which 
I am affiliated. 

I begin at the beginning. Since earliest times, mankind has been 
interested in the Sun. When it became clear that all life on Earth 
depends on light from the Sun, the purely intellectual question 
arose— what is the ultimate source of energy for the rays of light 
from the Sun? 

Early in this century, Lord Rutherford used radioactivity to 
measure the age of terrestrial rocks and found values exceeding 1 
billion yoars, Much later, his methods applied to the meteorites 
and to th*? Moon yielded ages around 4% billion years. In spite of 
tectonic activity on the Earth, some terrestrial rocks have been 
closed, undisturbed systems for close to 4 billion years. Sophisticat- 
ed arguments indicate that the Sun and the other components of 
the solar system formed at the same time, 4.5 billion years ago. 

What has provided the source of energy of the Sun over that pro- 
digious length of time? Well, to make a long story short, it is now 
believed that the source of energy is the fusion of hydrogen into 
helium at the center of the Sun. 

We know that fusion can power the Sun for about 7 billion years 
more before the Sun changes its present characteristics in any 
marked way. But to get to the point, there is a problem. I refer to 
it as "The Case of the Missing Solar Neutrinos/' 

The case of this: In the fusion of four hydrogen nuclei into one 
helium nucleus, two elementary particles we call neutrinos are re- 
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leased. These neutrinos have no electrical charge, no magnetic 
moment, probably no mass, and they interact only weakly with 
matter. Only 1 in 100 million neutrinos produced at the center of 
the Sun is intercepted on the way to the surface* At night they 
penetrate the Earth and reach us willy-nitty. 

A simple calculation yields the fact that 60 billion neutrinos pen- 
etrate every square centimeter of the Earth and our bodies per 
second. Just as they pass through the Sun and Earth, they pass 
through our bodies without interacting and without producing any 
damage. 

That is what physicists and astronomers believe. But we have no 
positive proof. In fact, fundamental problems have been raised by 
attempts to detect the rather rare high energy solar neutrinos 
made by Dr. Raymond Davis of the Brookhaven National Laborato- 
ry in the Homestake Gold Mine near Lead, SD. Davis has installed 
a 100,000-gallon tank of liquid perchloroethylene— ordinary clean- 
ing fluid— 1 mile deep in the mine. The chlorine in the perchlor- 
oethylene is the detector. It can only detect the higher energy neu- 
trinos from the Sun and not the much more numerous low energy 
solar neutrinos. 

In 60 observations over 13 years, Davis has found one-third — one- 
third, mind you— of the flux of these high energy solar neutrinos 
relative to what we expect if we understand what is going on in, the 
Sun. Something is wrong. Many explanations have bo$n suggested 
but most raise more problems than they solve. 

It is generally agreed that attempts to determine the flux of the 
low energy neutrinos must be made, and the best detector for those 
neutrinos is the r&re element gallium. There is the rub. Between 30 
and 60 tons of gallium will be needed and gallium costs $500,000 
per ton. There is one source of relief. The Federal Republic of Ger- 
many is a partner in this proposed set of observations. The Federal 
Republic of Germany will provide one-quarter of the gallium 
needed. They will match 1 to 3 that supplied by the United Stateb, 
even though the costs of the gallium and the operation of the ob- 
servations for 5 years will run to a total cost of at least $20 million. 
Who is to pay? 

Well, before answering that question, I want to enter i:*to the 
record the support of the scientific community for the gallium ob- 
servations: 

The field report, astronomy and astrophysics for the 1980's con- 
cludes: 

The committee urges continued financial support of the gallium detector experi- 
ment by this international collaboration, the State of Israel is also collaborating in 
this work, and the completion and operation of the full gallium neutrino detector at 
the earliest opportunity. V 

Second, a long-range plan for nuclear science, the NSAC report 
to NSF/DOE just last year: 

The solar neutrino problem raises a number of important scientific questions and 
has u> be pursued. At the present time, scientific grounds dictate the choice for the 
next neutrino detector to be gallium on the basis of its demonstrated feasibility and 
recovery efficiency. 

Third, review of the gallium solar neutrino project at Brookha- 
ven National Laboratory, 1981. It was chairen by Glen Seaborg, 
Felix Boehm, Jerry Brown, George Field, myself, Terry Goldman, 
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Martin Schwarzchild of Princeton, and Tony Turkevich from Chica- 
go: - 

The members of oui panel have come to the conclusion that the gallium solar 
neutrino project has outstanding scientific merit on a broad interdisciplinary scale. 
We strongly recommend that the project be approved and authorized to proceed. 

I mention these things, gentlemen, because I do not want to be > 
accused of recommending a program that has not been thoroughly 
peer reviewed previously. 

The trouble is, it is interdisciplinary; It is very hard, to get any 
tine discipline to carry the ball, but that is another argument I am 
sure you gentlemen are quite aware of. 

Well, I return to who is to pay. The American people have paid 
billions of dollars— billions of dollafS— to learn about the Moon, 
and Jupittr, and other planets. I submit that the Sun is far more 
important in their daily lives than the Moon and the planets. I 
have given my lecture on the case of the missing solar neutrinos 
over 100 times. Always, there is intense public interest in the 
source of energy for the life-sustaining light from the Sim. It is my 
deep feeling that $20 million of Government money would be well 
Spent to solve a deep intellectual problem which can be appreciated 
by everyone. * 

Well, what are the practicalities? The Department of Energy has 
generously supported the Brookhaven program in solar neutrino 
research. I have no connection with Brookhaven whatsoever. • 
Brookhaven should $arry on. TK- Congress and the administration 
should provide the Depart&ent M Energy with the additional/^ 
funds— and I stress additional— that are necessary to enable Brook- 
haven to do so. Whatever the results, the gallium observations will 
bring - intellectual satisfaction to Americans, scientists, and non- 
scientists alike. Our generation may solves an ancient problem, 
where does the light from the Sun coi^e from, and open up new 
vistas on how the univferse operates. 

Well, Mr. Chairman, members of the committee, forgive me for 
being so specific in my recommendations. Invite me back after you . 
have solved "The Case of the Missing Solar Neutrinos," and we can 
discuss generalities to ourheart's content. 

Thank you. 

[The prepared statement of Dr. Fowler follows:] 
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„ STATEMENT ^ 

WILLIAM A. FOWLER 
NOBEL LAUREATE IN PHYSICS 1983 
INSTITU iE PROFESSOR OF PHYSICS EMERITUS 
CALIFORNIA rNSTITUTE OF TECHNOLOGY 
BEFORE THE 
COMMITTEE ON SCIENCE AND TECHNOLOGY 
U. S. HOUSE JF REPRESENTATIVES 
MARCH B. 1984 

Mr. Chairman and Members ol t. hrtommittee. 

I welcome this opportunity to respond to the invitation to present my 
views and recommendations with respect to the Government's role in 
support of scientific research and education. 

Slightly over two years ago on March 4, 1982 I testified before your 
Subcommittee on Science, Research and Technology on the then critical 
situation concerning instrumentation in university and college labora- 
tories. It is gratifying to know that substantial progress has been made 
in alleviating this situation in the last two years. NSF, DOE and DOD have 
in place programs dedicated in one-way or another to funding the pur- 
chase of scientific equipment especially in universities with graduate 
departments. There is still some co/cern in my mind regarding the 
situation in undergradua^ colleges yhich give bachelor's degrees based 
on studies based in the sciences. It is my contention that undergraduate 
colleges should be provided with research grants and the appropriate 
instrumentation if they offer .degrees in the sciences. Aspiring young 
scientists, whether headed for* teaching or research should be given 
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hands-on training in real research not just laboratory exercises. One 
cannot learn modern physics playing with Inclined planes and pulleys. 
Even those destined for a*eareer in theory ought to have the option of 
doing a hands-on experiment of seme real relevance. All of this will 
require college science faculties with a few members who are interested 
in research as well as teaching. There will be a bonus: better people will 
be interested in college positions. There will be another bonus: students 
in other fields will learn that scientists do not live cloistered lives in ivory 
towers Experimental scientists have to work hard in the laboratory in 
ways more similar to that of the workman than to that of the office 
worker These students will communicate this to their friends and co- 
workers and help to change the image of the scientist in the public mind. 

In my testimony two years ago I said, "You are not going to hear from 
me a litany of what science can do for the general > ' *re, for the econ- 
omy and for the national defense." Let me assure you that I do not 
deprecate the applications of science to engineering and engineering to 
technology. I do hope that these applications will be benign. My field of 
research is the application of nuclear physics to astronomy. It is a 
benign application in comparison to reactors and bombs. The whole 
matter has been a paradox for me all of my professional life. I don't know 
the answer to the paradox but of one thing I am certain. The science of 
nuclear physics which explains the origin o.' sunlight must never be used 
to raise a dust cloud which will obscure that sunlight. 

Be that as it may. my primary concern is that science be supported 
by the Government in part because of its contributions to the intellectual 
needs of the American people and all the people of the world for that 
matter. There js no more profound bib.;cal quotation than that of 
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Matthew "Man shall not live by bread alone." Men and women have intel- 
lectual needs as well as cultural and physical needs. Those intellectual 
needs can only be satisfied by the continuing effort to obtain new 
knowledge about the universe we inhabit and about the physical laws 
which govern it. 

Permit me to discuss briefly an example which is very close to my 
mind and heart. In doing so I may overstep the bounds of propriety 
regarding self-interest in that I am suggesting, the support of a search for 
knowledge in which I am greatiy interested. The Committee will have to 
be the judge. My conscience is clear. The search will involve no mane- 
tary gains for me nor for the institution with which I am affiliated. 

I begin a. the beginning. Since earliest times mankind has been 
interested in the sun. When it became clear that all life on earth depends 
on light from the sun the purely intellectual question arose-what is the 
ultim>*e source of energy for the rays of light from the sun? 

The quantitative study of chemical reactions in the eighteenth and 
nineteenth centuries made it clear that chemical processes— burning in 
simple language— could provide solar energy for at most about ten 
thousand years. In 1854, Helmholtz and in 1861, Lord Kelvin suggested 
j& gravitational energy released in a gradual decrease of the sun's radius. 

Their own calculations sh /ed that this would suffice to maintain the 

sun's present luminosity for at most a few million years. At the same 

time geologists were showing that geological processes on the earth 

required at lec^t 100 million years. Early in this century Lord Rutherford 

used radioactivity to measure the age of terrestrial rocks and found 

values exceeding one billion years. Much later, his methods applied to M 

the meteorites and to the moon yielded ages around 4.5 billion years. In 
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spite of tectonic activity on the earth some terrestrial rocks have been 
closed, undisturbed systems for close to 4 billion years. Sophisticated 
arguments indicate that the sun and the other components of the solar 
system formed at the same time, 4.5 billion years ago. 

What has provided the energy of the sun over that prodigious length 
of time? To make a long story short it is now believed that the source of 
energy is the fusion of hydrogen into helium at the center of the sun. 
Through the work of Be the, Critchfleld, Lauritsen, Cameron and myself we 
think we know the detailed nuclear reactions taking place in the fusion of 
hydrogen into helium. 

We know too that fusion can power the sun for about seven billion 
years more before it changes its present characteristics in any marked 
way But to get to the point there is a problem, i refer to it as 'The Case 
of the Missing Solar Neutrinos." 

The Case is this. In the fusion of^four hydrogen nuclei into one 
helium nucleus two elementary particles we call neutrinos are released. 
These neutrinos have no electrical charge, no magnetic moment, prob- 
ably no mass and they interact only weakly with matter. Only one in 100 
million neutrinos produced at the center of the sun is intercepted on the 
way to the surface. At night they penetrate the earth and reach us willy 
nilly. A simple calculation yields the fact that 60 billion neutrinos 
penetrate every square centimeter of the earth and our bodies per 
second. Just as they pass through the sun and the earth they pass 
through our bodies without interacting, without producing any damage. 

That is what physicists and astronomers believe. But we have no 
positive proof. In fact, fundamental problems have been raised by 
attempts to uctect the rather rare, high energy solar neutrinos made by 
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Dr. Raymond Davis of the Brookhaven National Laboratory in the Homes* 
take Cold Mine near Lead. South Dakota. Davis has installed a 100,000 gal- 
lon tank of liquid perchloroethylene (cleaning fluid) one mile deep in the 
mine. The chlorine in the perchloroethylene is the detector. This detec- 
tor can only detect the higher energy solar neutrinos and not the much 
more numerous low energy solar neutrinos. 

In 60 observations over 13 years Davis has found one-third of the flux 
of these high energy solar neutrinos relative to what we expect Some- 
thing is wrong! Many explanations have been suggested. Most raise more 
problems than they solve. The two most reasonable are: 

First, there is the possibility that the solar neutrinos transform in 
part to the two other known forms of neutrinos on their way from the sun 
to the earth. These two other forms of neutrinos do not trigger the 
chlorine detector. Sophisticated experiments here and abroad are 
underway to prove or disprove this explanation involving neutrino 
transformations. 

Second, our understanding of the sun and thus our models of solar 
structure are wr^ng. The flux of the higher energy solar neutrinos 
depends critically on the details of our solar models. We know that the 
flux of the lower energy solar neutrinos is practically independent of the 
models of solar structure. On very general grounds we know what to 
expect 

Hi us it is generally agreed that attempts to determine the flux of the 
lower energy neutrinos must be made. If their flux is also down to one- 
third then neutrino transformations are the likely explanation since high 
and low energy neutrinos are affected in the same way by these transfor- 
mations, If their flux is what we expect on general grounds then the 
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deficit in high energy neutrinos wUl indicate that our solar models are 
wrong, or in other words, we do not understand the sun. There is the hor; 
rifying possibility that we an? completely wrong and hydrogen-to-heliiim 
fusion does not power the sun. That will set us back on square one! 

It is generally agreed that the best detector for these lower energy 
neutrinos is the rare element gallium. There's the rub! Between 30 and 
60 tons of galliu will be needed and gallium costs one-half million dol- 
lars per ton. Thei t , one source of relief. The Federal Republic of Ger- 
many will provide one-quarter of the gallium needed. Even so the cost of 
the gallium and operation of the observations for five years will run to a 
total cost of at least 20 million dollars. Who is to pay? ■ 

Before answering that i 'xestion I wish to enter into the recq^i the^ 
support of the scientific community for the gallium bbserveUongji^ 
I. Astronomy and Astrorhysics for the 1930's (Field Report.). Vol. l f p. 
115: A pilot experiment employing 1.3 tons of gallium was success- 
fully completed during the summer of 1980. The U. S. Department of 
Energy and the Max Planck Institutes in Germany are now supporting 
the development of a larger detector that will be calibrated with a 
laboratory source of neutrons produced in a reactor. The Committee 
urges continued financial support of the gallium-detector experiment 
by this international collaboration and the completion and operation 
of the full gallium neutrino detector at the earliest opportunity. 

Z. A Long Range Plan for Nuclear Science. SSAC Report to NSF/DOE, 19fl3. 
p 40: The solar neutrino problem raises a number of important 
scientific questions, and has to be pursued. At the present time 
scientific grounds dictate the choice for the next neutrino detector 
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to be ? *Ca, on the basts of its demonstrated feasibility and recovery 
efficiency, but options for alternate detector schemes which could 
help resolve the present problem should be explored further* 

3. Review of the Gallium Solar Neutrino Project at Brookhaven National 
Laboratory, 1981 (Report by G. T Seaborg, Chairman. F. Boehm. G. E. 
Brown, G, B. Field, W. A, Fowler, T. J. Goldman. IL Schwarzschild, and 
A. Turkevich) 

pp. 8,9: The members of our Panel have come to the conclusion that 
the Gallium Solar Neutrino Project has outstanding scientific merit 



on a broad interdisciplinary scale. We Hive made an analysis with the f 00 * 
aim of reducing the cost to the minimum value commensurate with 
obtaining a definite and meaningful result and have come to the com 
elusion that a satisfactory measurement can be made with 45 tons of 
gallium (i.e., a reduction from the proposed 50 tons). We strongly 
recommend that the Project be approved and authorized to proceed. 

There is little to add and I return to "Who is to pay?." The American 
people have paid billions of dollars to learn about the moon and Jupiter 
and other planets. I submit that the sun is far more important to their 
daily lives than the moon and the planets. I have given my lecture on 



"The Case of the Missing Neutrinos" over one hundred times. Always 

A 

there is intense interest in the source of energy for the. life-sustaining 
light from the sun. It is my deep feeling that 20 million dollars of Govern- 
ment money would be well, spent to solve a deep intellectual problem 
which can be appreciated by everyone. 

What are the practicalities? The Department of Energy has 
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generously supported the Brookhaven program in solar neutrino 
research. Brookhaven should carry on- The Congress and the Adminis- 
tration should provide the Department of Energy with the additional 
funds- and I stress additional-necessary to enable Brookhaven to do so. 
Whatever the results, the gallium observations will bring intellectual 
satisfaction to Americans, scientists and non-scientists alike. Our gen- 
eration njay solve an ancient problem and open up new vistas on how the 
universe operates. 

jar. Chairman and Members of the Committee, forgive me for being so 
specific in ray recommendations. Invite me back after you have fhken 
action on 'The Case of the Missing Solar Neutrinos" and we can discuss 
generalities to our hearts' content. 

Thank you. 

Mr. Fuqua. Thank you very much, Dr. Fowler. 

Dr. McClintock, did you wish to make any comments? 

[The biographical sketch of Dr, McClintock follows:] 

Da, Bajwara McCuntock 

Dr, Barbara McClintock received the 1988 Nobel Prize in Medicine for her discov- 
ery in the 1940s of "mobile genetic elements." Today, these element* are understood 
to be segment* of DNA that have the ability to move around the genome and con- 
trol many different gene*. They have also been referred to as "controlling ele- 
ments", "jumping genes" and "transpoeable elements/* Dr. McClintock'* work was 
far ahead of its time, achieved when the "demonstration that chromosomes carried 
the hereditary f acton was only a decade old; the concept of the gene was still just 
that, a concept and a contentious one at that; and the discovery of DNA as the 
chemical basis of genes, the helical structure of DNA, and the genetic code were all 
way into the future/* (Science, Oct 28, 1988, p. 402.) 

Dr. McClintock first presented her ideas to the scientific community in 1951 at a 
symposium in Cold Spring Harbor, New York. Her presentation was based on six 
years of work studying the variegation of kernel pigmentation in corn. The inherit- 
ance of coloration in com kernels was known to be genetically instable, that is, the 
patterns of corn kernel pigmentation could not be reliably predicted using the prin- 
ciples of genetics known at the time. Dr. McClintock concluded that mcva le eon- 
trolling elements were responsible for the observed color patterns. The essence of 
Dr. McClintock'* insight was that there were two types of genes: structural genet, 
that specified the manufacture of enzymes and other proteins; and controlling ele- 
ments, which regulated the activity of the structural genes. 

Since Dr. McClintock a ideas were complex, and contradicted the established doc* 
trine of that time, they did not make an impact cm the field of genetics until several 
other scientific discoveries were made. Ten years later, in 1961, nonmobfle gene reg- 
ulating sequences were discovered in bacteria. In the mid-1970s mobile genes (trans- 
potable elements or transpoaons), which can carry drug resistance, were found in 
bacteria. By the 1980s, many kinds of mobile elements in numerous organisms, in- 
cluding humans, were discovered. Recently scientists at several research centers, in- 
cluding the Cold Spring Harbor Laboratory and at the Carnegie Institute of Wash- 
ington, have been able to confirm at the molecular level much of what Dr. McClin- 
tock had intuitively deduced. 
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«.. Dr L Mc V , i"i? ,ck " i j m > ver i of movable genetic elements has had an impact on a 
number of different facets of genetics: bacterial drug resistance; ant«body^Xctk>£ 

ZTTZt **> '""ft.*** e r vade their h "** ^mune mSSSm/SSSS- 

SaSS^FiSS&T !^ 0Ught t0 .f M " cancer) - P * r *»V the most dSSt 
application of Dr. McClmtock s discovery, however, is n genetic ensineerine as a 
potential method for introducing desirable genes into cereal cW»5^? <£rn 
KL. 0n toplC 18 CUrrent,y Under w *y in Australia, Gennan^d the uSS 
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Ti* Nobel Asstably of tht uroimska Institute has tcisy decided 
to awrd the Hebtl PH*e 1ft Pftysicloay or Ktdldnt for 1383 to 

Barbara HcCKntgck 

for her discovery of "Koblle Gtnttic Htotnts* * 
Summary 

Barbara HcCHntoct discovertc mobile genetic tlwintj 1n plants 
sort then 30 ytars ago, Tht discovery vat Mdt at a time whti tht geneti 

cinct of nebilt gtnetlc eltaents has btcoae apparent. This type of tie- 
want has now been found in microorganisms, insects, utlvals and man, and 
ftis bttn demonstrated to have icpcrxant functions* 

Genetic instability was originally d1 scovertd 1n est 1st (Zee nays) 
in which it was found to cause al tared patterns of pigmentation of tht 
kernels. Insttad of being evenly pigmented, tht kernels havt sectors of 
mora intense pigmentation. Tht spots vary in sire and colour. At tht sis 
time, tht calls show chromosom brtaks and othtr abnormalities. 
McCHntock examined tht relationship between the pigmentation patttm of 
tht kernels and chromdfome changes. Variegation in the colour of tht 
ktrntls was found to bt parallflltd by transposition of structural 
elements within or between chromosomes. Because transpositions result In 
inactlvation of neighbourly genes, HcClintock used the tens <, eontroH1n 
elements* to describe tht mobile chromosome structures. Another tfftct c 
transposition was chromosome brtaks at points whtrt tht mobile elepents 
wtre integrated. 

duHnq tht mid-1960s mobile gtnttlc elements tun demonstrated in 
bacteria and shown to play a role 1ft tht transmission of resistance to 
antibiotics fro* one bacterium to another. 

Such elements were also found to havt an important function in th 
ability of unicellular parasites 'trypanoscmes) to change their surface 
prcptrtits, thereby avoiding the immune response of tfre host organism. 
1 Recombi nation of WdA segments peeved to be an esaentlal factor in the 
iMHtji nf ly«nhnirt rails rn vrtfucfi a SM«inOlv iftftftite flutter Of 
6iff*r*r\t antibodits to foreign substances. In recent years, evidence ha 
accumulated that transpositici of genes.or incomplete genes are involved 
in tht transformation of normal cells into tumour cells- Thus, genes 
controlling cell growth have been found to undergo translocation from on 
chromosome to another during eenctrogenesis. The initial discovery of 
mobile genetic elements by Urttn McClintock is of great acdical and 
biological significance. It has also rtsulted in new perspectives on how 
genes art forced and> how they change during evolution. 

- state 
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Uhen NcCHntock began the work til it ltd to the discovery of noblle gene- 
tic elements, genetic Instability Hid been demonstrated In plants end 
Insects IDrosephna). In oal2e, the Instability caused the kmrnels to 
ihow differently coloured pitches* Thli ver1e$et1on wis belltved to re- 
flect • 9 re iter fragility of certain chromcsoiae regions ."causing genes" 
for pigmentation to Mutate oore easily thar other genes. As daughter 
cells multiplied and Inherited the mutant genes, colonies of cells with 
an altered pattern of plantation wart formed. 

McCHntock first examined the structure of chrtxtosoats 1n milze 
plants showing variegation 1n p1gaentet1cn. By combining results from 
these studies with those fro* genetic crosses she was able to localize 
genes for e,j. type of starch* storage protein, anthocyanln pigrents on 
the individual chroocsomes. Of the ten' pairs of chromosomes pair number 9 
turned out to be of particular Interest. 

The cnovce of oalre presented several experimental eevantages. 
Each ear (Fig. 1) nas several hundred kernels, each of which 1s the 
result of an Independent fertilisation event . TheJnheH tenet of a series 
of characteristics can easily be stuo'ed simply £y examining the struc- 
ture, starch content or pigmentation of the Individual kerntla, stations 
affecting pigmentation are particularly useful, not only because they can 
be easily observed, but also because they do not hart the multiplication 
of the cells. Therefore, 1f a single ceil undergoes a mutation cr other 
form of heritable change during the cevelopment of the kernel s« this will 
result in altered pigmentation of sevaral successive generations of 
daughter cells. The number and size of the differently coloured spots, 
therefore, provides Important Information on the extent of genetic insta- 
bility and the point during development at which the genetic change took 
place. 

Another advantage of uaiie as an experlaental systeo was that 
m inti1viCu*l chromosomes are tasfly studied* During the 1930s HcCHntock 
made an Important contribution to plant genetics by describing the 
detailed morphology of normal and alte-ec raal*e chromosomes. This work 
was a necessary condition for- the discovery of mobile genetic elements. 
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The first mobile element cnarecterued by KcCHntock was found on 
chrcscsoaw nu*ber 9, where it causes chnxaoscae breafcs {Fig. 2}. Since 
the chros>eso»e wis divided Into two parts / this eleaenr was naoed "disso- 
cUwIon" or 0s« As ft was transpose along chroaosoof 9 ft caused breaks 
and 1nact1v1tation of neighbouring genes, KcClintock, therefore, referred 
to the mobile tlrfwnts as 'central ele^^nts** In order for Ds to be 
transposed, a second genetic element calletl 'activator* {Ac} had to be 
present. Together 0$ and Ac represented a two elewnt system controlling 
gene activity* HcCHntcck also Identified different foms of Ds, some 
causing complete gene inactivletion while others resulted in 01 ff trtnt 
degrees of partial gene inactlvation. The role of the Ac element was 
shown to be a coordinating one* By signalling to Ds elesents, Ac trig- 
gered the transposition of one or several such elecents. Also the Ac ele- 
ment orrjrred in different fonas. Soae of these prv&uzeti signals early 
auring the development of tne kernel, while others induced transpositions 
late in development* The type of Ac eJecent could be detected by exaai* 
n-ng tne size of differently pigmented spots on the surface of the 

fctT«1S. 

In later work, McCllntock cercenstra^eo regions of genetic instipl** 
lity on ether maize chroncsomes. Alsc in these cases the phenomena ob- 
served turned out to be due tc jenetie elements moving f roa one chro«c- 
some to another. 

The most important features of the control elements discovered by 
HcCHntock are the following: 

The control elenents behave as ordinary genes in genetic crosses* 
and can be localized to specific chromosome regions. Whart they transpose 
along, or between, chromosomes, they cause 1nictlvation of neighbouring 
genes- in soffle cases, they also rest't 1n structural instability at the 
sites of integration, causing enromosomes to break easily at these sites, 
i/hen control elements leave a certain -egion, the previousloy inactivec 
genes resume normal functions. 

0s 




Figure 2 . When the control element Ds ju*ps fro* its Vesting* position 

between gents number 8 anc 9 to a position close to gete nussber- 
4, the latter 1s switched off. If Ds later moves to another 
position, gene 4 will resume its function and the corresponding 
protein wM1 again be s>n;nes1ied. 
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The first iot)11 e element characterized by KcCHotock mi fount on 
c Fire bosom nt*ber 9, where it caused chromosome breaks (Fig. 2}. Sine* 
the chromosome mi divide* into two parts, this element was ntaed "disso- 
ciation' or Os. A$ It was traftsposed •long chromosome. 9 It' ceusco breaks 
•and Inaotivltation of neighbouring genes. HeClintocfc, therefore, referred 
to tha mobile elements as 'control elements". In order for Os to be 
transposed, a second genetic element called "activator* (Ac} had to ba 
present. Together Os and Ac raprasantad • t*o element syste* controlling 
gene activity. HcClintock also idantifttd dlffartnt fors of Os, some 
causing complete gena Inactiviation while ethers resultec in different 
degrcts of partial gena inactlvation. Tha rola of the Ac ele*en| was 
shown to bt a coordinating ona. sy signalling to Ds elements. Ac trig- 
gered the transposition of one or several such elements. Also the Ac ele- 
ment occurred in different forms". Soot of those produced signal* early 
during tht development of the kernel, while others induced transpositions 
late in development. The type of Ac element could be detected by exami-. 
n'ng the size of differently pigmented spots on the surface of torn 
kernels. 

In liter work, McClmtoctf ceecnstriteo regions of genetic Instabi- 
lity on other maize chromosomes. Alsc in these cases the phenomena oh- 
served turned out to be flue to genetic elements soring froo one chrome- 
seme to another. 

The bos£ important feitures of the control elements discovered by : 

McCHntock ire the f el lowing: 

The control elements behave as ordinary genes in genetic crosses, 
and can be localized to specific chromosome regions. When they transpose 
8 1onfl,*or between, chromosomes, they cause inactlvation of neighbouring 
gen.,, in some cases, they also result in structure! instability at the 
sites of integration, causieg chromosomes to break easily at these sites. 
When control elements leave a certain region, tha previously 'nactived 
genes resume normal functions. 
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Central elements cm be classified into groups* W1 t|i1n t certain 
group, orvt element acts as t superior eleoent (reguletor) signalling to 
subordinate elements (receptors) when to transpose. By doing to, the 
superior ele»ent costrols the sxuct t1ce during development when trenspo- 
f ttlons are to occur. 

Control elements can different states. They ctn be part of 

regidetary tystm consisting of two or oort elements. They can also 
appear is Independent if juten**eu» tlewent*. Sow* »lwwmU act py pro- 
graming neighbouring gents to becoa* active it a later Hat, which say 
be several call getwetions later. 

KcCHntocfc'i experiments were carried out with great Ingenuity ami 
intellectual stringency. They reveal a whole world of previously unknown 
genetic phenomena. In iplte of this, they failed to attraU the attention 
of contemporary scientists. This «1gfct have been (toe to the fact that her 
results were reported in not so widely read publications such as the 
annuel report of the Institute where she worked and 1ft special news* 
1 attars exchanged by plant breeders working with oeixe. A contributing 
factor was tnet sne was far aheid of the development In other fields of 
genetics* Her oost laportant results were published before the structure 
of the DWA double helix and the genetic code had teen discovered. 
Furtheraore, useful is they were froe an experimental point of view, the 
' plantation patterns of «aixe kernels wis of little practical signifi- 
cance. 

In recent year$ f icoMle genezic eleoents have been demonstrated 1n 
j m«6er of species. TMs has given new insights Into the fteehenisets in* 
voiced •in the evolution of genes end has resulted 1n a isuch oort dynamic 
-pfcture of the organization and function of genes. In bacteria, short 0UA 
segments known as 'insertion seouences" or IS elements have been fminri to 
move fro* the bacterial chromosome to smaller SWA aolecules known as 
plesaids or froai one plaasiid to mother. The effect of their tran5po*i- 
tin is mectivition cf genes* Genes surrounded on both sides by IS 
elements become eobile (fig. 3). This type of gene is known as 
"trtntposon," and is of greet importance in clinical oedicine. Often, 
these structures carry ge;«es for resistance to antibiotics- The spread of 
such resistance gents fro* resistar.: to sensitive bacteria 1s i »ador 
probleo in the treatment of Infectious disease? ■ 

labile genetic el events nave also been found 1n bacteriophages, 
i.e., viruses that infect bacteria. In trypencseaes, s type /of parasite 
that causes AfHcan sleeping sickness, oebile genetic elects cause 
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Hgurt 3, Schematic luooury of how t gene for resistance to en antibiotic 
~~~~ can jump from a bacterial chromosooe to a plasoid usinc a 

transposon as a vector (step 1}. The plas«1d (R -fee tor) nay 
then be taken up by a sensitive bactertua (step 2) wttfch 
becomes resistant to the antibiotic* In this way resistance to 
an antibiotic Rav soreart fm* b:ctiH« to ««eth*r «mk;fiy 
• treatment difficult. 

changes in the surface Molecules of tte parasite. aakir>9 1t possible for 
the parasite to evade the Inaaune response of the host organism. 

In Insects (Orosophllah several mobile jenetlc elements have bttn 
Identified and shewn to be closely related to jenes found 1n MM tuewur 
viruses. One such eleewnt, known as "ccp1a\ can occur <n nuclear DNA ts 
a noblle gene. It can also be cop*ec Into fWA and becoa* part of an WA 
virus. The RHA fona can again be copiec tick Into OHA when a new cell Is 
Infected. The DHA copy then becomes a -cblle gene 1ft tho nucleus of tte 
Infected cell. 
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Tnv ccrrtlation bttwttn ooMlt gtnctic cltMnts ind RUA vf rusts 
(rttnm rusts) 1s of f nttrtst ilso In rtlttlon to Mlul «ru2 ftuoan ctlU. 
Som geiMrs tlut cauM nor*»l etlls to 6rc«t tumur cells foncogmu } cm 
occur both as v1r*1 genes (v-onc) and as cellular genes (c~encK In sent 
cases the abnormal growth pattern of tueor cells has been linked to 
transposition of c-onc genes or to integration of eoMIt genetic elements 
close to the c-onc genes. 

The discovery of nob -fit genetic elenent* by HcClfntocfe 1s of pro- 
found importance for our understanding of the organization end function 
of genes. She carried out this research alone and at a t1w when her con- 
teotporarles were not yet aftie to realize the generality and significance 
of ner findings. In this respect 9 there are several similarities between 
her situation and that of another great geneticist active 100 years ago, 
Gregor Mendel, *fco, studying the garden pea, discovered other basic 
principles of genetics. 

STATEMENT OF DR. BARBARA McCLINTOCK, 1983 LAUREATE IN 
MEDICINE AND PHYSIOLOGY, RESIDENT SCIENTIST, COLD 
SPRINGS HARBOR LABORATORY, LONG ISLAND, NY 

Dr. McClintock. When I received the invitation to be here 
today, I recognized right away that I was not qualified, that ray 
background and experiences would not lead me to make any rec- 
ommendations that were based on information or judgments that I 
thought could be satisfied by my information. 

I think I better tell you why I felt that way. In the first place, I 
never had a grant of any kind. I have only once served on a panel, 
and that was in the 1944 granting agency. I was such a maverick 
that they never invited me back. [Laughter.] 

I have not had graduate students that were under my direction 
since the mid-1930 s. I had 5 years of being at the university and I 
had very nice graduate students, really good ones, which I enjoyed 
very much. But I left there. 

I did not have graduate students at the institution I am in now 
that were part of the institution, but I had graduate students and I 
was imported for them at Cal Tech, at Columbia, at Yale, and so 
forth— especially in North Carolina, I had four down there all at 
the same time. 1 had to commute from Nev York down there but it 
was not my responsibility to provide any funds or see to it on that 
score. 

I have done a great deal of consultations with people, young 
people in research, which I have enjoyed immensely and I hope 
was effective in some way or another. 

Under these conditions of not having anything that I can put my 
fingers on, if it would be useful for you, I can only say that in my 
field, which is biology, and in my associations, which are with mo- 
lecular biologv at my institution, I am quite disturbed. 

I am disturbed because the funds have not been generally distrib- 
uted among biology. The people must be supported now in molecu- 
lar biology by grant funds. They spend much of their time writing 
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grants. They h&ve to work very hard, they are very nervous about 
them. When they are rejected, it is a catastrophe and you see it for 

them. 

I do not know what we can do about this, actually but it is true 
that it is a difficult situation, there is not enough money to go 
around. 

I think much of it started because we probably have centered our 
funds in certain areaku Maybe that is why a group of people felt 
they had to go into thai area* If I go to a symposium at our place, 
there may be ten people talking about the same subject, doing the 
same experiments. There is something wrong. It is something that 
cannot be corrected, I believe, immediately. That has to come 
through some restructuring of how we think about biology and how 
it should be spotted. 

I am very disturbed that botany— I know plants reasonably 
well— I am very disturbed that botany just went out of the picture 
in the last 20, 30 years, And yet, plants are marvelous. I think 
many of us do not realize that much of our pharmaceuticals have 
come from plants. And yet, we are letting them get out of hand. 

I remember when I was young I was at Cornell at a very good 
botany department— it is no longer there. So, I feel that is very im- 
portant. I see it as very important that we ohould train naturalists. 
Many people in biology do not understand the diversity of orga- 
nisms—there are a few, of course. But I think we need to have 
more naturalists, more people that are trained in that direction but 
they cannot be supported. 

So, I think we need to have a restructuring of our thoughts on 
what should be supported in biology, but I do not know how to give 
it to you. 

I think that gives you the idea of why I felt incompetent to write 
anything specific for today. 

Mr. Fuqua. Thank you very much, Dr. McClintock. I think you 
are very well qualified to advise this committee because the things 
that you are talking about. We will get into this later in some ques- 
tions that we think are very important. 

Next, we will have Dr. . Taube. I hope I am pronouncing your 
name correctly or some semblance of that. 

Dr. Taube. I recognize whom you are addressing. [Laughter.] 

Mr. Fuqua. Thank you, sir, we are pleased to have you. 

[The biographical sketch of Dr. Taube follows:] 
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HENRY TAHHK 



Born Neudorf, Saskatchewan, Canada, November 30, 1930 
naturalized U.S. citizen 

Si i entitle Field: Inorganic Cheats Cry n 

hducUion: t'nlversUy ot Saskatchewan, B.S. 19 

M.S. 1917 

University of Ca lifornia. Ph. P. I940(chemistry 

f'rot vsnional Experience: Instructor of Chesistry 

University of California, 1940-41 

Assistant Professor 
Cornell University, 1941-46 

Research Associate 

National defense Research Committee, 1944-4 S 

Professor of Chemistry 
University of Chicago, 1946-61 

Professor of Chemistry 

Stanford University, 1961-present 

Concurrent I'unI t inns : Oug^enheim Fellow: 1949 and 1955 

Mnnors and Au.it ds: Award, American Chemical Society, 1955 

Howe Award, 19M) 

Distinguished Service Award, 1967 

Nichols Medal, 1971 

Wiilard Clbbn Medal 1971 

Chandler Award. Columbia University, 1964 

Kirkwood Award, Yale University, 1966 

National Medal of Science, 1977 
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PCS IMMEDIATE PUBLICATION 



CHEMISTRY PRIZE AWARDED TO ONE OF THE MOST CREATIVE 
CONTEMPORARY WORKERS IN INORGANIC CHEMISTRY 



The Royal Swedish Academy of 
Sciences has decided to award 
the 19S3 Nobel Prize in Chemistry 
to Professor Henry Taube , Stanford 
university, Stanford, USA, for 
his work on the mechanisms of 
electron transfer reactions, 
especially in metal complexes • 



Chemical reactions were known to man long before chemistry 
had attained the status of science. It was observed that 
substances changed their properties under certain external 
conditions, which is a characteristic of chemical reactions • 
Thus the ancient Egyptians found that if malachite, a green 
ore, was fired with charcoal, a red metal was obtained, 
called copper. It was also found that when clay was baked, 
ceramic products with properties quite different from clay 
were obtained* 

Much earlier than this, man had found that a piece of dry 
wood caught fire if it could be made hot enough* changes in 
the properties of substances occurred only on certain condi- 
tions. Temperature was early the factor which was- varied 
in order to bring about changes, and it was also found at 
an early stage that the speed with which the changes occurred 
frequently depended on the temperature. With the discovery 
of black powder it was also noted that processes could take 
place very rapidly, leading to explosions. The branch of 
chemistry concerned with how fast chenica* reactions take 
place is known as chemical kinetics, and the scientist 
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engaged in explaining how i» said to study the mechanism 
of chemical reactions. 

Millennia of hypotheses, experiments and observation*, 
hypotheses and new experiments and observations '/ere to pass 
before a fairly firm scientific structure had ueen created. 
At the beginning of this century, progress had been consider- 
able* In particular, a physical-mathematical description of 
the reactions had been produced, and it was possible in 
figures and formulas to express the conditions determining 
whether a chemical reaction would occur, and it was possible 
to provide mathematical equations for how rapidly it took 
place* A beginning had also been made in the treatment of 
reactions which did not pass completely in one direction, 
as opposed to those mentioned above. It was realized that 
chemical equilibria existed, and it was possible to deal 
with these theoretically* It is a characteristic of chemical 
equilibria that the reacting ions or molecules, although 
on average bound to another a given bond is not permanent 
and that the bonds are always being broken down and restored. 
Three major types of equilibrium reactions have come to be 
of dominant importance in chemistry. The concepts of acid 
and base were combined in the acid/base reactions and the 
pH associated with this. 

Metal ions dissolved in water may attract ions or molecules* 
This is known as complex formation and usually, although 
not always, occurs as an equilibrium reaction. Finally the 
combustion of the burning piece of wood and the production 
of metallic copper from its ore through a reaction with 
charcoal have been generalized as oxidation and reduction. 
As a further generalization it has been found that oxidation 
and reduction are associated with a transfer of electrons, 
e.g. in metal ions such as cobalt and chromium. Under certain 
conditions it is possible to make cobalt with three positive 
charges react with chromium having two positive charges,, 
where cobalt gets only two but chromium throe positive 
charges.* The effect is thus that an electron having a negative 
charge has been tranferred from the two-valent chromium to 
the three-valent cobalt- This is particularly frequent 
phenomenon in complex compounds of metal ions. Taube has 
today been awarded the 1983 Nobel Prize for his studies of 
the me c h_a n ism s of electron transfer in metal complexes . Better 
than" anyone else he has helped us understand how "these 
electron transfers take place. It is particularly the structural 
preconditions governing electron transfers in metal complexes 
which he has studied. The electron transfer process as such 
is a separate major problem in theoretical chemistry and 
physics, where other scientists have contributed more than 
Taube . 

What are the experiments made by H^nry Taube and what con- 
clusions has he been able to draw? In hi* studies, he atarted 
from the fact that three-valent ions; of cobalt and chromium 
do not form equilibrium complexes (an example of the exceptions 
already referred to) . The ions or nslecules which are bound 
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to these aatsl ions ere therefore joined to the* without 
ever leaving tiica. But the corresponding two-valent ions 
form tquillbriua complexes. If an ion or molecule bound to 
the three-valent ^on {in this instance, thrae-valent cobalt) 
could acxaehow be marked so that it is possible to find 
•xperisiantally whether this marked ion or ssolecule in the) 
electron trensf «r has at the sajae time been transferred to 
the other wetel ion {in this instance, two~v*lent chro*iu»5 , 
that is, in the opposite direction as the electron in this 
case* This was exactly what Taube found, and fro* this hm 
drew the conclusion that before the electron.transfer could 
fig. take place, a bridge was formed between the metal ions of the 
ion or molecule which changed places . Bo proved this In a 
large number of case and Investigated how the electron 
transfar was affected by changes in the bridging molecule. 

His next step was lengthen the bridge between the metal ions 
(while using molecules which could - bind two metal ions) and 
he found that in some instances there was still an electron 
transfer in spite of the greater distance between the metal 
ions. Thare was thus a form of what Tabue calls "distant 
attack". 

A logical continuation was the bonding of threo-valent ions 
to the two ends of the bridge before reducing this complex 
with a two-valent ion lin this instance, europium)- This 
reacted rapidly with one of the metal ions and Taube could 
then follow the slov transfer within the complex (in this 
case from ruthenium to cobalt) free from ail assumptions 
on how 'rapidly the bridge was forced. 

Finally Taube let the three-valent metal ions on either 
side of the bridge be identical and could then study if 
in reduction with an electron this was captured by ona of ■ > 
the identical metal ions or it Belonged to both, a 
phenomenon known as derealization. (fcelocalization generally 
gives rise to strong colours, such as in Prussian blue.) 

This entire development was dominated both experimentally 
and theoretically by Taube, who acrorcing to one of the 
nominations has in eighteen listed instances been first 
with major discoveries in th* entire field of chemistry. 
The examples selected here, which are all included in the 
prize award, may seem rather specialized, not to say esoteric. 
However, during the last ten years it has become increasingly 
apparent that Taube* s ideas have a considerable applicability, 
particularly in biochemistry- All respiration which is 
associated with oxygen consumption is thus also associated 
with electron transfers, and & grcvinc nuxrb'er of scientists 
in this field ara basing their wer . or, Taube f r concepts of 
electron transfers in metal completes - 

It should be added that, as already minted out, Taube has 
made major contributions throughout tr.e cherristry «of complexes. 
Thus he was the first to prodi.ee * cor.piex beteen a three- 
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v*l«nt Mtftl Ion, which wo based on the ideas develop**} by 
Teube in hie electron transfer studies. 

Finally a quotation from one of Nobel Commit tmi'u reports 
on Taubei * There is no doubt that Henry Tsube is one of the 
most creative reseach workers of our age in the field of 
coordination chemistry throughout its extent. He has for 
thirty years been at the leading edge of research in several 
fields and has had a decicive Influence on developments.* 



Henry Taube 

Born in Saskatoon , Canada, on 30 November, 1915 

Became citisen of USA in 1942 

Ph.D., University of California, 1940 

Professor in Chemistry, Stanford University, 1962 

Addret* 

Professor Henry Taube 

Department of Chemistry , 
Stanford University 
Stanford,, CA 94305 
USA 

tfll.s (415} 497-2300 

STATEMENT OF DR HENRY TAUBE, 1983 LAUREATE IN CHEMIS- 
TRY, PROFESSOR OF CHEMISTRY, DEPARTMENT OF CHEMIS- 
TRY, STANFORD UNIVERSITY, STANFORD, CA 

Dr. Taube. Mr. Chairman, committee members, thank you for 
the opportunity to testify before this committee. 

I shall begin with some general comments on how the practices 
followed by the Federal Government in allocating research support 
affects the immediate users, and then turn to some specific items 
which trace the effects of current practice on academic institutions. 

I have been doing independent research since 1940, in fact since I 
began my research toward the Ph.D. degree at <the University of 
California in 1937. My first federally supported grant was made by 
the ONR in 1949, and the first advanced research instrument I ac- 
quired was a mass spectrometer, awarded by the AEC, cost about 
$12,000, 

After a .time, these agencies lost interest in my work but support 
was then provided by the National Science Foundation and later 
and concomitantly, 6y the NIH. Without Federal support, my work 
would not have prospered. Such support has been the essential in- 
gredient in the enormous progress made in all fields of chemistry 
m the last three to four decades. 

Is it all peaches and cream? Almost, but not quite. The proposal 
format exacts a price at the level of the principal investigator from 
all but the most confident, and also at the levfel of those in train- 
ing, and this cost is not inconsiderable in the way it affects the 
quality of the work. 

Preparation for the Ph.D. provides the first exposure to inde- 
pendent research, and it is critical in the development of a re- 
search chemist. It is essential at this stage when conditions should 
be optimum for the growth of curiosity and interest, that the candi- 
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date be given the utmost freedom to choose directions. The gradu- 
ate students supported by a research assistantship must, however, 
report to a mentor who has a responsibility not to stray too far 
from the spirit of the research proposal that won the support. The 
mentor is subject to a second constraint: In a climate in which each 
graduate student expects support, the principal investigator feels 
an obligation to maintain continuity for each member of the re- 
search group. ' • . , . , 

As a result, there is a tendency on the part of the PI m a large 
part of his effort to opt for the safe and sound instead of what may 
be more imaginative but is at the same time riskier. 

The constraints I have mentioned tend to stifle creativity, but 
their effect is to some extent ameliorated when there are plural 
sources of support— this is an important plus of our system— and 
also when grants are made to cover support for an extended period. 
They would be further ameliorated were a large fellowship pro- 
gram instituted with each fellowship carrying also a reasonable ai- 
lottment to cover the expenses of research. By allocating funds to 
some student-centered rather than proposal-centered awards, a 
great deal of flexibility would be introduced both for the student 
and for the research mentor. _ ^ 

It is pertinent in this connection to draw attention to the system 
followed in the United Kingdom. There each graduate student de- 
rives from public funds a stipend which, in most cases, covers the 
cost of living. The PI still has the problem of raising the funds 
needed to cover the expenses of research, but even with this re- 
quirement, I think that more freedom of choice exists than in our 
system. It is, of course, proper to ask whether the system followed 
in the United Kingdom works. 

If we use as criterion the number of Nobel laureates in chemis- 
try named since 1950— a good starting date for comparison because 
it is at about the time that the effects of public support of research 
began to be felt— we would have to conclude that it works very 
well indeed. For the United Kingdom the count is 16, for the USA, 
19. When allowance is made for the differences in population, 
which should reasonably well reflect the differences in the number 
of investigators, the United Kingdom wins handily. It is, of course, 
not proven that that system of allocating research support is re- 
sponsible for the high quality of their effort, but it is likely a signif- 

ic&nt fsctor • 

I turn now to the second theme: Federal support of science in re- 
lation to academic institutions. There is a present and active com- 
mittee under the chairmanship of Dr. George C. Pimentel, orga- 
* nized by the Board on Sciences and Technology, which is surveying 
."intellectual frontiers in the chemical sciences and the opportuni- 
ties they present for meeting critical societal needs. Please note 
. . for meeting critical societal needs." Chemistry is competent 

to do this. . , 

I served as a member of an earlier similar committee under the 
chairmanship of Dr. Frank Westheimer which, in 1965, in a spirit 
of optimism, filed its report "Chemistry: Opportunities and Needs, 
and I want to comment on some of the concerns we then expressed 
and the changes which have taken place since then. 
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One of the strong recommendations made by the Westheimer 
Committee is that there be substantial allocation of funds for the 
purchase of major instruments by departments and also by individ- 
ual users. Instrumentation is extremely important to us. I refer 
you to appendix A for illustrative matter, and progress has in fact 
been made in meeting needs. But reasonable needs, needs which I 
have felt in my own research, have still not been met, and under- 
instrumentation remains a critical issue and is recognized as such 
also by the Pimentel committee. 

Closely related to this is the virtual disappearance of Federal 
funds for university science building, which were at a level of in 
excess of $120 million in 1965. In 1979, the level was at about $30 
million, " targeted on major national facilities intended to serve 
large and diverse populations of researchers." 
"These data are taken from a report of the Association of Ameri- 



costs incurred for science building by universities over the 4 earlier 
years amounted to $400 million, and the figure given for those 
needed for the jiext 3 vears, even without allowance for expansion, 
were much larger— $765 million. 

The problem is exacerbated by the need each institution faces to 
bring the existing buildings up to current health and safety stand- 
ards. Contrary to what many believe, it is not easy for a university 
to raise money for new buildings. Funds for this purpose are given 
capriciously and there is no relationship between the quality of the 
institution and its capacity to raise building funds from private 
doncfrs. 

A concern of the Westheimer committee was the difficulty there 
is in providing startup funds for young investigators. They are the 
ones who have the most daring ideas, and it is essential to the 
health pf the science that their research programs be established 
expeditiously. The startup costs for a young investigator in our de- 
partment is on the average about $150,000, much of this cost being 
assignable to instruments and equipment. It does not cover other 
costs such as laboratory modification which can involve an even 
larger figure, nor summer salaries, nor graduate student stipends. 
The Presidential Young Investigator Awards Program represents a 
step in the right direction, but it is a small step compared to the 
needs. 

In closing, I want to return to ctwiistry and societal needs. 
Whatever contributions I have made are at the level of basic sci- 
ence and have not been directed to a specific process or composi- 
tion of matter. But these and like advances build the foundations 
of a science which, taken as a whole, manifests itself in practical 
applications which are ubiquitous, for the science concerns itself 
with all forms of matter, its transformations and its properties. 
Matter makes up materials, and George Pimentel in testifying a 
fortnight or so ago to a subcommittee of this committee, dilated on 
the control that the chemist can exercise over the properties of ma- 
terials. 

Among the materials he cited was his shirt. I start with his ex* 
ample and proceed further to remind you that chemistry speaks 
also to what lies under George's shirt: living matter and emotions. 
Chemistry is concerned also with animate matter, its function and 
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dysfunction, and iome of the most challenging problems are those 
of trying to understand the chemistry of living ceils. 

I and my fellow chemists appreciate the efforts of this committee 
to keep science in all its forms vigorous, exciting, and rewarding. 

[The prepared statement of Dr. Taube follows:] 

1 
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Statkjjknt or Henky Taubk, pKonaKOK or Chemistry, Department of Chklmistey, 

STANFORD UnIVCKSITY, STANFORD, CA 

Think you for the opportunity to testify before this committee. 

I shall begin with some genral comments on how the practices followed by the 
federal government in al locating research support affects the immediate users, and 
then turn to sot* specific items which trace the effects of current practice on 
academic insf .utions 

! have been doing Independent research since 1940, in fact since I began 
research toward the Ph.D. degree at the University of California 1n 1937. Ny 
first federally supported grant was made by the OtiR in 1949, and the first advanced 
research instrument I acquired was a mass spectrometer, awarded by the AEC, cost 
ca. 112,000. After a time, these agencies lost interest in my work, but support 
was then provided by the NSf , and later and concomitantly, by the NIH. Without 
federal support my work would not have prospered. Such support has been the 
essential ingredient 1n the enormous progress made in all fields of chemistry in 
the last three to four decades. 

Is it all peaches and cream? Almost, but not quite. The proposal format exacts 
a price at the level of the principal investigator ?rom all but the most confident, 
4nd also at the level of those 1n training, and this cost is not inconsiderable 1n 
the way it affects the quality of the work- Preparation for the Ph.D. provides 
the first exposure to Independent research, and it 1s a critical period in the 
development of a research chemist. It is essential at this stage, when conditions 
should bt optimum for the growth of curiosity and Interest, that the candidate be 
given the utmost freedom to choose directions. The graduate student supported by 
a research asslstentsMp must, however, report to a mentor, who has a responsibility 
rot to stray too far from the spirit of the research proposal that won support. The 
mentor is subject to a second constraint: In a climate in which each graduate 
student expects support, the principal investigator feels an obligation to maintain 
continuity for each member of the research group. As a result, there 1s a tendency 
on the part of the PI in a large part of his effort to opt for the safe and sound 
In favo r ~ of what may be more Imaginative but is at the same time riskier. 

$ The canstraints I have mentioned tend to stifle creativity, but their effect 
is to some extent ameliorated when there are plural sources of support--th1s Is an 
important plus of our System- -and also when grants are made to cover support for 
an extended period. They would be further ameliorated were a larje fellowship 
program instituted, with each fellowship carrying also a reasonable allotment to 

, cover the expenses of research. By allocating funds to some student centered 
rather than proposal centered awards, a great deal of flexibility would be 
introduced, both for the student and for the research mentor. 

It is pertinent ip this connection to draw attention the the system followed 
1n the U. K. There each graduate student derives from public funds a stipend 
which In most cases covers the cost of living. The principal investigator still 
has the problem of raising the funds needed to cover the expenses of research, 
but even with this requirement, I think that more freedom of choice exists than 
in our system, it is. of course, proper -to ask whether the system followed in the 
U. K. works. If we use as criterion the number of Nobel Laureates in Chemistry 
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named since 1950--a good Stirling dote for co^risonbecause It Is *t about the 
tin* that the effects of put)) 1c support of research began to bt felt-we who 
117* to collude that it wrks wry Mil Indeed. For the U. K. the count 1s 16; 
for the USA, 19. When allowance 1s woe for the differences In population, which 
should reasonably well reflect the differences 1n the number of Investigators, 
'the u. K. wins handily. It is, of course, not proven that their system of 
allocating research support- 1s responsible for the high quality of their effort, 
but U ts likely a significant factor. ■ ( 

I turn mw to the second theae: federal support of science In rtlttlM to 
academic institutions. There 1s at present an active committee under the cha rman- 
shlp of Dr George C. Pimentel, organized by the Board on Sciences and Technology, 
which is surveying "Intellectual frontiers 1n the cheailcal sciences and the 
opportunities they present for meeting critical societal needs." Please note- 
"for meeting critical societal needs." Chemistry Is competent to do this. I 
served as a neater of an earlier, similar cowlttae, under the chairwinshlp of 
Dr. Frank H. Westheimer. which 1n 1965, In a spirit of optimism, filed its report 
"Chemistry: Opportunities and Needs." and I want to comment on some of the 
concerns «e then expressed, and the changes which have taken place since then. 

One of the strong recosmendaticns made by the Westheimer Coevnlttee Is that 
there be a substantial allocation of funds for the purchase of major Instruments 
by departments and also by Individual users. Instrumentation is extremely Important 
to us (I refer you to Appendix A for illustrative matter), and progress has in fact 
been made 1i» meeting needs. But reasonable nee^s, needs which I have felt In « 
own research, have still not been met. and under-lnsjrumentatlon remains a critical 
issue and Is recognized as such ilso by the Pimantel Committee. 

Closely related to this 1s the virtual disappearance of federal funds for 
university science building, which were at a evelof in excess of $120 million m 
1965 in 1979. the level was at about 30*111 Ion dollars, "targeted on major 
iitionJl fac 1 ties intended to serve laTge and diverse populations of researcher,. " 
These Ata are taken from a report of the Association of American Universities 
SSffiM in 1981 According to this' report, the costs Incurred on this account 
Universities over the four earlier years amounted to $400 ml ion. and the figure 
given for those needed for the next three years, ev.-n without allowance for expansion, 
«ere much larqer--S765 million. The problem is exacerbated by the need each 
institution fices to bring the existing buildings up to current health and safety 
standards. Contrary to what many believe. It Is not easy for a w^* 1 ** «° 
monev for new buildings. Funds for this purpose are given capriciously, and there 
5 no re atlonshlp Sen the quality of the institution and its capacity to raise 
building funds from private donors. (1 have appended an account of the difficulties 
a university faces In raisin? gift funds for science buildings.) 

A concern of the Westheimer Committee was the difficulty there Is in Providing . 
start-up funds for young Investigators. They are the ones «ho have the most daring . 
ideas and It 1s essential to the health of the science that their research programs 
be established expeditiously. The start-up costs for a young investigator In our 
oepSrtwnt ifon the average about $150,000, much of this cost being assignable to 
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instructs and equipment. It doe* not cover other costs such as laboratory 
modification, wtilch can involve an even larger f tgurei nor summer salaries, nor 
graduate student stipends. The Presidential foung Investigator Awards represent 
a step 1n the right direction, but 1t 1s a small step! compared to the needs. 

In closing, I »*nt to return to chemistry and societal needs. Whatever 
contributions I have made are at the level of basic silence and have not been 
directed to a specific process or composition of matter. 8ut these and like 
advances build the foundations of a science which taken as a whole manifests 
1tse" n practical applications which are ubiquitous, for the science concerns 
Itself with all forms of (Mtter, Its transformations and 1t$ properties. Matter 
makes up materials, and Dr. George C. Plmentel 1n testifying a fortnight or so 
ago to a subcommittee of this committee, dilated on the control that the chemist 
can exercise over the properties of materials. Among the materials he cited was 

shirt. I start with his exa-- -le and proceed further to remind you that 
chemistry speaks also to what lies under George's shirt: living matter, and 
emotions. Chemistry 1s concerned also with animate matter, its function and 
dysfunction, and some of the most challenging problems are those of trying to 
understand the chemistry of living cells. 

I and my fello* chemists appreciate the efforts of this committee to keep 
science In all its fjrms vigorous, exiting, and rewarding. 
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Appendix A 

The power of modem instrumentation 1s illustretad by the progress which has 
been made in the development of one of the most Important tools needed by and 
aval libit to the chemist: the determination of molecular structure by X-ray 
diffraction on crystals. In 1940, i full Ph.D. thesis would be built around 
the determination of a rather simple structure. Now, owing to the advances that 
have been made, small molecule structures (say less than 75 atoms) rtcuirt only 
on the order of a week to collect data, and two weeks to solve and refine the 
structure. 

Two technological advances led to a revolution 1n chemical crystallography, 
the advent of accessible modem digital computers to the cemmunity in the early 
sixties made feasible much more extensive calculations in a dramatically shorter 
time. Not only could electron density maps be computed, but non-linear least 
squares methods could be used to refine structures to a high degree of precision. 
Second, the development of computer controlled X-ray di ff ractometers (also 1n 
the sixties) provided the means to collect accurate diffraction data rapidly and 
routinely. These instruments eliminated much of the tedious manual labor involved 
in collecting diffraction data using film. Together these two advances coupled 
to make almost routine the solution of small molecule crystal structures (protein 
structures still require several years}. 

A typical contemporary crystal! ograph 1c facility would consist of a computer 
controlled d1f fractometer ($125,000) and a small computer system for 1n house 
calculations ($30-75,000 depending on speed and size). Display of results Is 
facilitated by a good high resolution plotter ($5-10,000) or a high resolution 
color graphics system to allow real time rotation and manipulation of the images 
($30-70,000 depending on features). Various estimates have been made about the 
actual cost per structure—these clearly depend on such factors as labor cost, 
facility usage, etc. However, a good number for a typical inorganic structure is 
around $2500-3000. 



(txcerpted fro* statement vrep&ret by Prof. K. 0, Hodgson, Department of Chemistry, 

Stanford Un* ver*1 ty , ) 
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The Seeley G. Mudd Chemistry Building it Stanford was dedicated in 1977. At 
the time the campaign to ra se funds was started, and that was in 1967, the Stanford 
Department of Chemistry was rtr*&4y recognized as among the leading ones in the 
U.S. The two largest gifts were announced in 1973. Other gifts were accumulated 
before and after that date toward a final eventual cost of J6.5M, (which would be 
about $20M In today's dollars). The receipts fell short by about $1.3*. That 
sura was borrowed and Is being repaid by University unrestricted funds. 

"Providing adequate space for science is one of Stanford's most urgent and 
sizeable priorities. We spend several hundreds of thousands of dollars annually 
to renovate, upgrade, equip, and otherwise make safer and more useful the space 
used by faculty members in science, engineering, and technology areas. There are 
$2H wirth of gift supported renovations under way or planned in the Chemistry 
Department presently; we budget from University funds between one and two million 
dolla-s annually for health and safety Improvements, lab modifications, and 
defer ed laboratory maintenance. 

Funds for facilities are the hardest to raise. That is Stanford's experience, 
and t 1s the experience of our sister institutions as will. The highly technical 
nan, "e of modern science buildings, their &1ze f the high and rising cost of 
construction, and the delays encountered while seeking diligently after private 
financial support all co p pire to hike the price tag well into the economic 
stratosphere. Moreover, with so large a price tag on Individual buildings, few 
individuals can afford to provide the 50-7^% of the total that would propel fund- 
raising to a speedy completion. (A 60,000 gross square foot laboratory building 
would cost about *2QM, in total, to bu1M if we started to plan that building 
today.) The Mudd building was named for a gift equivalent to a bit more than a 
third of the total cost. 

In many ways, capital funds to renovate old and build new space and ongoing 
funds to pay for the operating expenses of the high technology working environment 
that 1s required by modern science *e our greatest financial needs--and the lack 
thereof the greatest barrier to productive scientists-" 



{Excerpted from statement prepared by Vice Provost R. F. Bacchetti of Stanford 

University, ) 
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Mr. Fu(<ua. Thank you very much, each of you. We are deeply 
grateful for you being here and sharing with us your thoughts 
about subject matters of great interest to us in the Congress in 
trying to fund, and make priorities and tough decisions with limit- 
ed resources for the various research programs that are funded by 
the Federal Government. 

I noticed one thing that seemed to be, I think, a thread of each ol 
your statements, and maybe you might like to elaborate upon that, 
the fact that the dire need that we have for instrumentation in our 
colleges and universities, and research organizations, as well as fel- 
lowships to bring in young scientists into research. 

Maybe some of you might wish to further elaborate on that com- 
ment. Dt. Taube? - . . „ . , 

Dr. Taube. I would like to follow up on my statistics on Nobel 
Prizes. In physics, the ratio is more than 4 to 1 in favor of the 
United States, and I think that the difference might well be— 
Willie Fowler will correct me if I am wrong— I suppose physics is 
relatively better funded in this country than in the United King- 
dom. It is expensive research. It is good research and expensive re- 

This contrast between the two fields I really find quite interest- 
ing. I i.~ve not really thought deeply about the matter, the sugges- 
tion that because physics is a more expensive subject this is partly 
responsible for the disparity in Nobel laureates in the two fields. 

Mr. Fuqua. Dr. Fowler. 

Dr. Fowler. Well, Mr. Chairman, I realize that the Congress 
cannot or should not micromanage the operations of the agencies. 
But I would call to your attention that, at least on my par., there 
is some underlying dissatisfaction with the way the instrumenta- 
tion funds have been allocated. 

Particularly in the National Science Foundation the funds are 
primarily allocated through the program directors. Now, in the 
study that I chaired, and which I testified on to your subcommittee, 
and which has subsequently been published by the National Acade- 
my of Sciences, we took this stand that instrumentation money 
should be instrumentation money, not for salaries, not for over- 
head, not for secretaries because we are all human beings and in 
tough times when you are a PI or one of the principal workers on a 
given project, you tend to keep salaries going; you tend to keep 
shopmen; you tend to keep secretaries. I mean, people come first. 

But there is a point at which you just cannot continue to do that. 
There is no use having good people if they do not have good instru- 
mentation to work with. It is not like it was wK-n I was a young 
fellow in the laboratory and we built all our own equipment You 
cannot do that any more. You just cannot compete with IBM or 
with the rest of them that make sophisticated computers for you. 
There is just no way any more. . - . * 

So, I would like to see— to, get to my point— that the instrumen- 
tation funds not be done through the program Managers— not that 
they are not good but they are gome to useJfcfl. criteria that 
they have used all along was very difficult to change your habits. 
There should be some independent place where anybody can go 
and say, "Look, I need this instrumentation; I have to have it to do 
what I want to do. I cannot get it through the regular program 
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which is u I ready overburdened, but Congress has given you charac- 
ters some additional funds." 
s I think the foundation got $40 million, something like that. That 
should be up for competition on the basis of merit, not on the basis 
of some hierarchy that has been established. All is disciplinary. 
The National Science Foundation is a disciplinary organization, it 
is very hard to get something if you are a physicist and you want 
to do something in astronomy; if you are a chemist and want to do 
something in cosmo-chemistry which has to do with the science, it 
is tough. 

I realize that you gentlemen cannot twiddle the dials too closely, 
but I would sure like to see some effort to make instrumentation a 
completely separate funding, not run through the program direc- 
tors. 

Mr. Fuqua. That is not micromanagement. You have struck a 
sympathetic nerve because I was under the impression that it was 
going for what it was intended for and not for overhead and sala- 
ries. 

I can assure you, we will — - 

Dr. Fowi.kk If you think there is a sympathetic nerve here, wait 
until my friends in the National Science Fr -.ndation hear what I 
just told you. [Laughter.] 

Mr. Fuqua. You may not get another grant. [Laughter.] 

Dr. Fowler. Mr. Chairman, one other thing. I hope you will pay 
some attention to what I said about colleges. I have been on the 
lecture tour for years, and I go to small colleges. I even went to 
Ripon College at one time which is in Ripon, WI, the home of the 
Republican Party. It is s very good little college. It is a very good 
little college, and it is tryi ig to teach students physics. 

There were six students /ho were taking a physics option — noth- 
ing in their laboratories. It is just disgraceful. And you know, at 
Cal Tech at least a great number of our better students come from 
the small colleges in the Middle West and we have to essentially 
start them 1 year back because they have never seen anything to 
actually do a physics experiment with where they were not told the 
answer in the lab book. 

Well, I am quite evangelical about this but you see, there is the 
other thing: All the peer reviewing is done by characters like me, 
members of a prestigious faculty, of a prestigious university or in- 
stitution—mine is. How the devil can people at a small college like 
Ripon or Dennison— I can name them all over this country — how 
can they compete when they are being peer reviewed by those of us 
who are essentially in graduate departments in large universities? 
I mean, Cal Tech is not all that large. 

So, I think it is very important that some new standards be es- 
tablished because I feel strongly that the place you start, the skills 
in physics and skills in science, is in the colleges and it is not nec- 
essarily in the colleges that are large and have big graduate estab- 
lishments. The small colleges make a very real contribution, but 
we are going to wipe that contribution out if we do not give them 
something to work with. 

Mr, Fuqua. J think you make a very good point. One of the ques- 
tions I was going to propound was that basically our science policy 
rests with our university science departments and the large re- 
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search facilities like our national laboratories that are built by the 
Federal Government. , , ... _ 

-But we also see the importance of singular work, like Ur. 
McClintock did. I guess the question is: Is our present system of 
funding research sufficiently attuned to the needs of that style ot 
research? How do we get the Dr. McClintocks funded, our people at 
maybe smaller, less prestigious schools? Are we fostering a system 
that makes the rich richer— I am speaking of the colleges—and the 
other colleges poorer and they can never achieve greatness, par- 
ticularly as a graduate program? 

I am sure that is a subject that has been dear to my heart tor a 
long time and I can make a long speech about. But I will try to 
condense? it. 

Dr. McClintock, what are your thoughts about that? You have 
been victimized or something by that. 
Dr. McClintock. No; it was my choice. [Laughter.] 
Mr. Fuqua. That, I appreciate. 

But I noticed looking here, Cal, Berkeley, C3I Tech, and Stan- 
ford, little tiny schools but great and prestigious schools m this 
country, and they do very good work, and then Cold Spring Harbor 
Laboratory. 

Dr. McClintock. That was a very good laboratory. 

Mr. Fuqua. I am wondering, how do you fund singular work— 
whether you by your own personal choice chose not to seek Federal 
funding— but how can we help small researchers or singular re- 
searchers that maybe need some help for instrumentation, or a 
graduate, or some assistance in some of the work that they are 

d °Dr g 'McCLiNTocK. Weil, from my own lab, I am a little concerned 
about instrumentation maybe because I do not think that the 
people using the instruments recognize that they should take the 
kind of csre. , . 

In the 1950s when there was lots of money these people grew up. 
I do not mean the faculty, I mean the people that come to our 
place as mainly postdocs. They come for a short number of years. 
They make their reputation and then they go on. 

But they were funded in one way or another. They did not have 
the responsibility for the instruments, and I see that the instru- 
ments are frequently badly, badly treated, and these people grew 
up with the idea that all you have to do is throw it out and get a 
nt?w ont? 

Somewhere along the line I think that there should be some way 
in which these people understand that these are not easily replaced 
and that you should do something about taking care of them. 

Also, maybe there should be fewer instruments around. That is 
another thing that happened in the 1960's and early 1970s, there 
were duplicates of a lot of instrumentation. That money is not 
there now, but it is the state of mind that, I think, needs to be 
changed more than anything, to utilize what is there carefully. It it 
has to be replaced, it can be replaced but not because it has been 
mistreated. I find mistreatment is very serious. I do not know 
whether you find it in your places or not. Do you? 

Dr Fowler. Well, Barbara, there are always people who abuse 
certain privileges, there is no question about it. But my feeling, my 
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experience has been— and we have tried to inculcate the view into 
the teaching of our graduate students and undergraduates in our 
lab. We havfe tried to make it clear to them that an instrument is 
almost a sacred thing. This is the thing that you are going to do 
your job with if you do an experimental thesis. You have to nave it. 
Vou nave to treat it right because you are not going to get another 
one tomorrow. 

So, my experience in general has been that students will respond 
to that. I am sure you know. I do not think it is quite fair for you 
to generalize 

Dr. McCuntock. May I make a statement? 

Dr. Fowler. Please. 

Dr. McCuntock. I am not generalizing. In the field of biology 
there are many, many instruments used at all levels. It is not as 
precious to have everything just so in many of the instruments, as 
in your line. You cannot work unless your instruments are work- 
ing right. 

You can work with a microscope, for instance, that has a little 
bit of dirt on it, not too much. You see what I mean? 
Dr. Fowler. Yes. 

Dr. McCuntock. There are various grades. In the area in which 
I am involved, these grades show up. It is not too important until it 
gets very bad. So, in your line it is very different from my line. 

I am thinking about just ordinary small instrumentations that 
are expensive and they can be misused very fast. 

Mr. Fuqua, Mr. Dymally, do you have a question? 

Mr. Dymally. Thank you. I just wanted to make a couple of ob- 
servations. Of the four laureates, three come from California, and 
of the five who received the prizes here, three were foreign born. 
As a foreign born, I am really proud of that fact. 

Given the kind of bigotry that creeps in legislation dealing with 
immigration, I think we ought to be proud of the fact that of the 
103, 30 are foreign born living in America. That, to me, is a source 
of great pride. We ought to keep that in mind when we get up tight 
about undocumented workers taking people's jobs and all of these 
generalizations about foreigners. So, that is of interest to me. 

Dr. Fowler, under the master plan for higher education in Cali- 
fornia, your institute has a monopoly on research, and it would do 
well for you to send a ^:py of your testimony to Assemblywoman 
Hughes, chair of the Assembly Committee on Education, and Sena- 
tor Hart, chair of the Senate Committee on Education, about un- 
dergraduate research because no other institution fights to monop- 
olize research as the University of California, in the legislature. 

Dr. Fowler. Mr. Dymally, I am from Cal Tech. 

Mr. Dymally I am sorry, I blew that. Yes. I should really direct 
this to Dr. Debreu, that is what I really intended to say. 

So the university, I believe, should really permit the state col- 
leges to receive some of these research funds. A good example, the 
State University System in California dominates the training of 
teachers and yet, tney get very little research money for teacher 
training. The University of California no longer wants to handle 
teacher training and they get all the research money. 

But still. Dr. Fowler, I think it is in your testimony— those two 
persons— because undergraduate research is very important and 
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we have been, my staff, has been trying to get the NSF to give re- 
search money to the undergraduate schools, and they should je 
thinking about the community colleges also in some specialized 
areas. 

Thank you very much, Mr. Chairman. 

Mr. Fuq.ua. Thank you, Mr. Dymally. Mr. Boehlert. 

Mr. Boehlert. Thank you, Mr. Chairman. 

Dr. Fowler, one of your distinguished colleagues and a Nobel 
Laureate Hmself, Dr. Kenneth Wilson, pointed out last year in tes- 
timony before the committee that the graduate student, the typical 
graduate student, in the United Kingdom, France, Germany, and 
Japan, has access to the latest in computer technology. Yet he, a 
Nobel Prize winner, a national asset here in America, does not 
have that same access. 

We spend a good deal of time talking about the need for more 
funding for supercomputers for our university research centers. I 
would like to have your comment on the need and some sugges- 
tions on direction on which we should proceed. 

Dr. Fowler. Well, Kenneth Wilson sat in my classrooms about 
tfl) years ago and he did not listen to what I told him. [Laughter.] 

But he is a lot smarter than I am. I am not much of a computer 
buff. But it is perfectly true that in our universities— and I think 
Henry and Gerard will agree with me— we had to bootleg computer 
facilities. We never funded in a proper way, in the early days, the 
computer, facilities in universities whereas one of the things that 
was done in Europe was to go the other way. They installed rather 
more computer facilities than I would have thought were neces- 

I&r example, for years in our laboratory we had a telephone line 
to the big computer in Berkeley and we essentially had to work at 
night and on the weekends in order to use that big computer. 

Now, that is changing and not in the way that Ken Wilson 
wants. But practically every laboratory now has a VAX, and in 
fact there must be about 20 VAX at Cal Tech at the present time. 

The old idea of the centralized computer system has not worked 
out all that well. But now there is a new generation, the super- 
computers, which are going to have to be done, I take it, on a na- 
tional scale and made available to everybody. . , . 

I was quite serious when I said that about young Wilson, and his 
father was a colleague of mine, Paul Wilson. So, one has tc be a 
little careful. Computers are necessary, and they are expensive. 

But to get back to my pitch, instrumentation in the laboratory is 
necessary, otherwise you do not need a computer— well, that is not 
true either because you can do a lot of theory with computer nowa- 
days. But if you are going to do experimental science you have to 
have instrumentation and computers. Then, when you get into 
these fancy things that are needed nowadays, unfortunately, sci- 
ence is getting, at least physics, is getting tough. It is tougher and 
tougher. That is why we have to have these enormous computer fa- 
cilities because the easy problems have been solved. So, the hard 
ones take, as Wilson said, supercomputers. 

But you have to balance that against the other needs, I would 
say. 

Mr. Boehlert. Thank you very much. 
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One further question. I am concerned We have just gone 
through, in the State of New York, a great debate about adequacy 
of science and math education at the second iry level. Essentially, I 
think, we have sort of backed down instead of moved forward. 

Do you think we are challenging sufficiently the young people at 
the secondary. level in the area of math and sciences, and should 
we not be requiring a good deal more than we are? The typical re- 
sponse is that we are taxing them too much. I du not share that 
view, but I would rather have your informed view, the panelists. 

Dr. Fowler On the math I would like to hear Dr. Debreu. 

Dr. Debreu. Yes; science education in this country obviously 
raises critical questions. I do think that studente^re not sufficient- 
ly challenged. 7/ 



There is the problem of the insufficient >4Uimber of qualified 
teachers in high schools. So, oh both counts/I* think that there is a 
great deal to be done. There is a great pareUjox, a culture that is 
becoming mc e and more scientific while the-fecience education pro- 
grams in high schools are not following pace with the development 
of science, 

Mr. Boehlert. Then, you must be pleased with this committee's 
action last year to provide $425 million for upgrading math and sci- 
ence and foreign-language education at the secondary level. 

Dr. Debreu. Certainly. 

Mr. Boehlert. Thank you. 

Thank you, Mr. Chairman. 

Mr. Fuqua. The bells now indicate we do have a rollcall vote 
going on on the floor. We will take a short recess and be right 
back. Mr. Gore will be back in a few moments and resume the 
meeting. The rest of us will get back as soon as we can get back 
So, the committee will stand in short recess. 



Mr. Gore [presiding]. If we could start back up again. The com- 
mittee will come back to order. Chairman Fuqua is over voting an i 
will return shortly. He asked me to reconvene the hearing so as to' 
make the best use of this valuable opportunity to exchange ideas 
with such a distinguished panel. 

I would like to personally express my thanks to the four of you 
for coming here. Such a distinguished group really honors the com- 
mittee and we are delighted to have a chance to hear from you. 

Since most of my colleagues are also voting at the time, I 
thought I would take this opportunity to ask a few questions 
myself. 

Dr. McClintock, it took almost 30 years for the scientific estab- 
lishment generally to appreciate and recognize your discoveries. 
Why do you think that was? 
v Dr. McCuntock. We were not ready for it. 

Mr. Gore. Pardon me? 

Dr. McCuntock. We were not ready for such a drastic change. 
You are all aware of genetic engineering at the present time. We 
have come a long way since those days. We did not know what a 
gene was. There were lots of guesses, but it could not be DNA. It 
had to be a protein because that is the only thing we knew that 
was complex. 




[Recess.] 
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Also, we had the idea at that time— and I do not know why it 
was so strongly felt— but it was a preconceived notion, a tacit as- 
sumption, that the gene home could not change. I do not know why 
these things happened, but they happened all along the line, it 
does not make any difference which subject it is, this type of thing 
will come up. . 

When the person has a tested assumption, even if you could give 
them the best kinds of information and support for " particular 
end result, a particular conclusion that seems inescapable, we are 
unable to pass even the first part of it, the first demonstration. The 
tested assumption, the words you use mean something very differ- 
ent. 

So, I had a very pleasant time being left alone. [Laughter.] 
.Mr. Gore. Well, that is great. I appreciate that response. Your 
discoveries then, really took place well before the groundwork was 
in place for the rest of science to understand the significance of 
what you had discovered. 

Dr. McCuntock. Well, it all comes by, you do an experiment, 
and you get a very strange, unexpected answer. It leads you into a 
certain direction of trying to find that you knew something was 
very strange, very important You stopped everything else and 
worked on it, because it was so important in your own mind. 

Mr. Gore Yes. 

Dr. McCuntock. It makes no difference, you cannot stop a 
person who is quite convinced that this is going in the right di rec- 
ti jn, and it kept going in the right direction. 

Sc. I think that happens in all sciences, that you meet something 
unexpected. It gives you a notion of— even if it is radical— that 
something very different is going on. You cannot stop yourself from 
working on it. 

Mr. Gore. Very interesting. 

Let me ask a more general question of the panel. It is expected 
that the number of students entering colleges is going to level off 
and could even decline according to some projections. For many 
universities this may mean that they cannot, because they already 
have a large tenured faculty, cannot hire new, young professors. 

What is your view of this issue, and what do you think could be 
done about it? Whoever wishes to, respond. 

Dr. McCuntock. I think we have to define our goals of what we 
are after. That is, how many students should we have and what 
areas should they be in? I think that just to expand and expand or, 
even in what way we should, focus the students' attention— for in- 
stance, in biology many of the people who get into graduate work 
have not had any courses. 

They start in biology with the M.A. I think somehow or other 
some change has to occur in the orientation in the high schools and 
certainly the colleges. 

Mr. Gore. Yes. ^ 

Dr. McCuntock. I have the feeling that we are a little out of 

focus. 

Mr. Gore. Dr. Fowler. ' - , 

Dr. Fowjler. Well, the problem of us old boys holding onto jobs is 
a very serious one. I have actually retired and Cal Tech policy is 
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you retire completely at the age of 70; at 68, you go on half retire- 
ment and get half salary. 

But the solution that my institution! Cal Tech, has found is to 
establish an attractive program of voluntary retirement. Although 
we have lost some really very good people, who have taken advan- 
tage of that voluntary retirement scheme at the age of 62 rather 
than waiting until 68 or 70, nonetheless, on the whole it has been a 
very good thing because for every old college professor, full profes- 
sor, when he retires you can hire two young assistant professors 
nowadays. One of them may not be quite the equal of the old boy, 
but two of them are a lot better, I can tell you that. 

So, ! do not know whether the Congress can help in any way, but 
universities should be encouraged to offer voluntary retirement 
schemes. That would certainly be one solution of this problem. 

Whether we get more students or less, there is the other prob- 
lem. I mean, we are all living so long and able to be active and 
productive, right? 

I mean, look at us. Henry, are you the junior member here? 

Dr. Taube. Gerard. Fowler. Gerard, are you the junior member? 

So, there are very serious problems and the way to do it is to 
help the universities to encourage voluntary retirement, not to 
make laws like some Senator from some Southern State wants to 
make, that you cannot retire people until they are — what is his age 
limit now? That is dreadful, just dreadful. 

Mr. Gore. Dr Debreu. 

Dr. Debreu. I would like to make a comment about another 
aspect of the shortfall of universities. Universities and foundations 
have benefited greatly from the tax treatment of gifts, and I know 
this is under discussion. If tax laws were changed in such a way 
that those gifts no longer enjoy the privilege that they now enjoy, 
the effects on universities would be very profound and negative. 

That is something about which we should seriously worry for the 
future. 

Mr. Gore. Dr. Taube. 

Dr. Taube. I wanted to point out that there is sort of a built-in 
stability of inertia in universities, and I will illustrate that with 
the example taken from my department. 

Enrollment in freshman chemistry tripled a few years after 
about 19(50, and the department tried very hard to get additional 
so-called fluff approved. It finally has been approved in 1983, and 
this gives you an idea of how a university will respond to those 
fluctuations in population. It really is a reflection of the stability 
that the tenure system affords. 

So, if this decline that you mentioned lasts only for a few years,/ 
we will simply ride over it. I do not think it will make any real 
difference at the university level. The places that are much more 
sensitive are farther down, community colleges, high schools, and 
so on. 

Mr. Gore. We have had this remarkable achievement \yith all of 
the science prizes going to Americans this year. It happened in 
1976. In 1983, it happened, and, in 1976, it happened as well. In the 
intervening years, American scientists have won a very large 
number of the prizes. 
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But it is often noted that the wof )■ for which the Nobel is award- 
ed has often been done anywhere from 10 to 40 years in the past 

Is that true of all four panelists h.-re? I know, Dr. McCJintock, 
your work was drne 30 years ago, the work recognized with the 
Nobel. 

Dr. Taube. . „ ^ . _ 

Dr. Taube, Mine started at the University of Chicago, I would 

say, about 1950. It was given for, I think, an accumulation over the 

years. 

Mr. Gore. Yes; of course. .... * 

Dr. Taube. And the way it is justified is, the work is beginning to 
be appreciated as of this time. 

Mr. Gore. Yes. And the same is true? . 

Dr. Fowler. Weil, I have been working in the same business tor 
50 years. I went to Cal Tech as a graduate student in 1933, al- 
though I did not really start specific work ir\ the area for which the 
prize was given until about 1939. ( , 

It is true that some of the early development— as in Henry s 
case and Barbara's case, and I suppose in your case, too— were rec- 
ognized. Nonetheless, I think all of us are in a field in which there 
is a great deal of activity now. In fact, in my case— to be frank 
with you— I was told that the fact that the space program has 
shown as many of the ideas that my colleagues and I have had, 
have been verified, recently. 

You see, in space you can see a lot mocg if the spectrum uan 
you can from the ground. I mean, x-ray and gamma-ray astiono.'iy, , 
m particular, have corroborated much of what we have been ta ik- 
ing about all these years. t 

So, it is the general recognition of the validity that you have 
been working on that I think the Nobel Prize Committee recog- 
nizes. . • , 

Dr. Debreu. Yes; in my case also the work I have done has ft*-, 
tended over several decades, but the initial impetus was given in 
the early 1950's. Specifically, what the Nobel citation recognizes is 
that early work. 

Mr. Gore. Yes. , ■,, 

Dr. Debreu. I should point out there that Alfred Nobels will 
specifies that the prize should go to achievements obtained in the 
last year. So, all out prizes are m" contradiction of Nobel s will and 
probably invalid in a court of law. [Laughter.] 
Mr. Gore. How injudicious of you to note that fact. [Laughter.] 
Dr. Fowler. He did not say he was going to give the money back. 
[Laughter.] , ... 

Mr. Gore. Well, the point that I was going to make, which may 
not be valid at all, that sometimes you hear Americans say, Well, 
we must be giving adequate support to science, because we keep 
winning all the Nobels. It is true that American science is vital 
and. alive and energetic, and has world leadership. 

But it is also tru§ that we cannot use the Nobels as a truly accu- 
rate indicator of our current leadership in the scientific i field be- 
cause the burst of activity in the decades following World War II 
was largely responsible for the inquiries that you all began and 
' perfected during your careers, and which has only recently become 
recognized as deserving of this high honor. 
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The work now going on in other countries may or rpay not be 
equal to or better than the work going on now in the United 
States. But the current Nobel Prizes are not a fully accurate meas- 
ure of that standing. 

Well, those are all the questions that I have, Mr. Chairman, and 
I want to turn the podium back over to you. 
. Mr. Fuqua. Mr. Lewis. 

Mr. Lewis. Thank you,, Mr. Chairman. 

I want all of you to know, and particularly Dr. Fowler and Dr. 
Taube, that I certainly share yoi^r concern with instrumentation, 
and you certainly have a supporter here, having been in research 
and development Tor 17 years, trying to do combustion analysis on 
rocket and jet engines without a mass spec certainly creates many, 
many problems. 

It is true that we did sweep the scientific field this year with the 
Nobel Prizes. I am concerned with not only this year, but I am con- 
cerned with 10 years down the pike, and maybe even 20. 
f This committee has passed legislation, as Mr. BOehlert from New 
York mentioned to you, on science and math, and it rats in the 
, Senate* I believe #e hdve to, in Congress, to some extent establish 
the atmosphere for additional science and math instructors. 

But what I am concerned about and would like to hear from you 
for the .record is this. How are we going to continue to move our 
younger students into these fields? What kind of character do we 
have to put out there? Whfltkind of recruiting do we have to do to*- 
continue so we will remauT^o. 1 in science and maintain the 

* strength through the years? 

Dr. Taube. I can respond to that in part. This is a very difficult 
problem. I have four children, they are all bright. None is a scien- 
tist. Most do not even care about science. 

Mr. Lewis. Could you got just a Iftfle bit closer to the mike, 
Doctor? 

Dr. Taube. I mentioned that I have four children. They are all 
bright. None is interested in science. So, obviously I do not even 
know how to do it in my own home. [Laughter.] 

But one of the things that I am sure about is that it needs well- 

♦ trained teachers who understand the subject, and teachers at an 
early stage because teachers can so easily turn the young away 

' from science rather than interest them in it. 

You mentioned that you are going to spend a lot more money in 

- New York State for improvements of science and math education. I 
am curious about what form this support will take. To me the es- 
sential thing is to get good people into teaching and people who 
like to teach.. 

In order to do that, you have to pay them enough so that other 
people who give greater awards do not compete for their services. 

Mr. Lewis. I see. Dr. Fowler, do you haw any words of wisdom 
you could apply? 

Dr. Fowler. Well, I do not know how wise they are, sir. I go back 
to what I referred to in my testimony, that we somehow or other 
„ have to trpin people who are going to teach the sciences even at 
the grammar school level. We have to somehow or other get across 
to them what science is really like. 
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What it amount* to is that we really have to change the image of 
the scientist that most American people have. They tend to think 
of us all as Ein steins. That is what you -do when you are a scientist, 
you dream up deep, fundamental ideas. 

That is not the way science is for most of us. It is true, it was . 
that way for Albert Einstein, he was a very great man. But science, 
especially experimental science, can be a lot of hard, grubby work. 
But it can be intellectually satisfying. ± r 

It is that intellectual satisfaction, completely independent of any 
economic benefits that you may eventually get out of it, that is im- 
portant to get across, plus the idea, as I quite frequently say, the 
work that a physicist does in the laboratory is much more simUar- 
to the work of a workman than it is to the work of an office 
worker* 

I mean, that has to be made clear that we are not all eggheads of 
longhairs, that there are people actually working and working 
hard in the laboratory to find out the things which we consmV r im- 
portant in the sciences. ' . 

I think it is very essential, as I said, that anyone who is going; to 
be teaching science somehow or other have some experience with 
what on-going science is like. There is no point to telling them 
about what science was like in the 1800's. \ow have to bring the 
teachers of today—either in grammar schools or in high schools— 
you have to make them acquainted with what science is really like, 
and it changes kll the time. It changes all the time. 

How to do that is a very difficult problem. How far does the fed- 
eral Government go in regard to grammar school and high school 
education? That is the problem of the States, in general. But the 
States just are not doing a good job, there is no question about it in 

my mind. .... 

The Federal Government d»ays the price for this because eventu- 
ally, when these youngsters come into the schools that the Federal 
Government supports through programs, a lot of that money has to 
go essentially to retraining them and teaching them what it is all 
about. . . I . 

So, there are very serious problems. Let me just say, we in sci- 
ence in the United States, in my lifetime, have been the luckiest 
people in the world. We have been supported very, very generously 
by the American people, let me make no bones about that. I 

All that we are talking about— at least all that I am talking 
about— this morning is a little bit of fine tuning on how it is done. 
We have to say that there has never been— now, I know, Barr - 
you would not take it— but if my laboratory had not had Fr 
funding we would not have had all of the graduate student 
postdocsthat we had, in addition to doing what we did. 

We have been very fortunate, gentlemen. It is just the point, 1 
mean, you have to 'keep changing. You have to be aware of what 
the new problems are. I think that is our job m communicating to 
you and that is why Henry and I jump up and down so much about 
the instrumentation problem because it is still not completely 
. solved, at least so far as I am concerned. <■ ' 

Mr. Lewis. Dr. Debreu. 

Dr. Debreu. Usually I agree with Dr. Fowler, but I disagree on 
1 this point. I think that mathematics of the numbers I have quoted, 
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and economics have not been treated as well as physics in the 
recent time. 
Mr. Lewis. Dr. McCiintock. 

Dr. McCuntock. It seems to me that science has expanded, has 
enlarged so many fields in so many parts. How are we going to 
treat it with a student of high school level? How are we going to 
get across a background? 

What you need is more or less a background, but it must be 
something that the student understands, with so many different 
fields now for them to know about, I do not know how they are 
going to choose or how they are going to be exposed to it. 

What we have now is difficulties because of this* There is no easy 
way of handling all of the fields that maybe they would like to 
know about, and neglecting the other fields that one has to have in 
high school. I think it is a very difficult problem that we have not, 
probably, faced. 

Mr. Lewis. Would you all agree that by passing legislator that 
would allow sufficient funds to provide additional education for 
continuing education for ^udents at the college level or even in- 
structors to go into graduate degrees in science and math would be 
a plus. And if the Congress passed legislation to do this, ft would be 
a plus ii% helping to build up that pool of scientists that we need 10 
to 20 years down the pike? Anyone. 

Dr. Taube. I think one has to realize that with an infusion of 
funds like this the response time — you mentioned it— it is very^ 
long. 

I think it is more important to look to the future. I do not know 
how this can be arranged, but I think it is important to pay teach- 
ers enough so that you attract some of the very best. It is not 
enough to sort of retread people that are here now— I am not 
saying tha^ nil of them are bad. I think the important thing is to 
look more to the future and arrange things so that you get the best 
kinds of people going into teaching. 

Dr. Fowler. Well, Henry, you are not talking about university 
teachers. 

Dr. Taube. No, no, I am talking about 

Dr. Fowler. Because we are overpaid if anything. 
Dr. Taube. Well, all right. I am talking about elementary school 
and high school. 

Dr. Fowler. Yes; but there is a very fundamental problem in the 
United States; namely, elementary and high school teaching has 
been in the province of faith and the local communities. In many 
ways, that is a very good thing; it is very fundamental to bur socie- 
ty that it be donr that way. • 

But, boy, when you see tfte salaries that the high school teachers, 
even in a pla>~& like Pasadena, CA, are receiving compared to the 
salaries of an assistant professor at Cal Tech, if is just criminal, in 
my book, it is just criminal. 

It is because Cui Tech car. go to the Federal Government and 
they can pay the professors' salaries partly out of the grant funds, 
about 35 percent now. The high schools and grammar schools of 
Pasadena cannot go to the Federal Government* and California 
does not have a property tax any longer. So, there are no funds 
from that source as there used to be. 
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So, there are really critical problems in the United States. I 
agree with yo.- that mathematics has not been supported as weH, 
but that 1 consider- the tuning of the problem, that mathematics 
should be given more than it has in the past because it is a very 
integral part of the whole business. 

But back in the grade schools it is really serious for this country. 
How we can do anything without changing our whole system of 
supporting the public schools is a very real problem. 

Mr. Lewis. Thank you. 

Thank you, Mr. Chairman. 

Mr. Fuqua. Thank you, Mr. Lewis. I just want to ask Mr. Volk- 
mer who has some very good news that you might be interested in. 

Mr. Volk.mer. I would just like to say, Dr. Fowler, as one of 
those— and I am sure the vast majority of this committee has been 
listening to your cry and others' cry for need for instrumentation 
on the university level— that next week when the Space Science 
and Applications Subcommittee takes up markup on NASA reau- 
thorization, we\plan— at least I do, and I think the subcommittee, 
hopefully, will go along with it— to provide specific funds for in- 
strumentation in the research-analysis part of the NASA budget, 
which will follow along basically what has been done in DOD, NSF, 
and others, 

So, we are trying to do our best. 

Mr. Fuqua. Let me thank all of our distinguished laureates for 
being here this morning, sharing your views. It has been very help- 
ful to us. 

1 think, Dr. Fowler, that you will see some positive action in 
some of the recommendations that you specifically made. 

Dr. Debreu, we understand the problem you are speaking of in 
mathematics, and I think we have seen an effort by this committee 
to try to reinforce that commitment, maybe not enough, but we are 
still, as Dr. Fowler said, trying to fine tune and to accomplish that. 

To all of you, we thank you very much. Congratulations. We are 
very proud of you and we are proud to have people of your caliber 
before our committee to give us the benefit of your thoughts on 
matters that are very important to us and we are very concerned 
with. 

Thank you very much. 

I would like to recognize Mr. Gore for submission of a report 
from the Subcommittee on Investigation a-. ' Oversight on structur- 
al failures in building facilities. Mr. Gore. 

Mr, Gore. Thank you very much, Mr. Chairman. I will not be 
lengthy on this. I want to ask for approval of the subcommittee s 
report entitled, "Structural Failures in Public Facilities.", 

Mr. Fuqua. Is there objection? The Chair hears none. 

[The document follows:] 
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U S HOUSE OF REPRESENTATIVES 



COMMITTEE ON SCIENCE AND TECHNOLOGY sSSg^" 

~ — turn 



WASMtWCTON DC 20*1* 



February 22, 1984 



Hon. Don FuQua, Chairman 

Ccm«i ttee on Science and Technology 

U. S. Hows* of Representative* 

■eshJngton, 0. C. 20515 

Dear Mr. Choi r nan; 

\ tm p teased to transmit to you a report prepared fey the i nvwstf gat ions 
and Oversight Subccemil ttee entitled, "Structural Failure* In Public 
f ec u iTles". 

The report discusses The findings and recoemiendatlona from the Subccm- 
ftJtfwe's extensive Investlgetlcn of structural failurai In public 
buildings, dams, and bridges In tha United Stats* and draws upon Sub- 
committee hearing* held in August 1982, a survey of the construction 
lndu»fr r conducted by the Subcommittee, end the Subcommittee's ongoing 
rev lev. 

The review was undertaken by the Su&eommIti<e because of a concern 
about the apparent Increase In the numb*, of structural failures 
reported In the media, failures such ** th** which took place at the 
Hyatt Regency Hotel In Kansas C.*v, Hlssouri, In July 1961 and the 
Hertford Civic Center In Htrtio'6 Connecticut In January 1978. 

The Subcommittee dla no* seek to assess blame in the case of any 

particular failure, #i rathar to Identify common problems associated 
with such failure- > te elimination of whlcn could decrease the number 
'of failures ~..e *uboomml t tee* ft review Identified six significant 
factors (end -eve . factors of lesser Importance) which, In the 
opinio,, of the Subcommittee, contributed most significantly to the 
occurr*- e of a structural failure. The six factors *re« 

(1) communications and organlietlon In the construction Industry? 

(2) inspection o* construction by tha structural engineer; 



(3) general quality of des I gnj 

(4) connection design details and shop drawings; 
en selection of architects and eng }f> «* rs f * nd 

(65 timely dissemination of technical data. 
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In general, the SuStaeai ttee r*:c*ieen4atlons sre designed to Institute 
Check* In the building process on the creation of errors that t#sd to 
structural failures* The Sueconeif ttee hss roccsNStftded • verlety of 
actions that the building Industry end professional societies can 
undertake without the necessity of govftfftatnt action, steps such as 
the est**! f sheen t of poor review procoduroa, develoosient of guide- 
lines, and Institution of quality control cr I tor Is. The Sut> casus it tec 
also r scos s so ndod carta In actions oy stats and local Qovemaenfs. 

The principal recoweendatlon addressed to the Federel Goveme*,nt calls 
for the creetfon, within the National Bureati of Standards, of a na- 
tional Investlget Ive body to obtain and dlsseelnete Information on 
ttrucfural fa! lures. This body would be eodeled on the widely re- 
tpoctad and successful National Transportation Safety Board and rsore- 
sanf a reorgenlxetton and Mill enhancement of sobs of tha activities 
siraady perforeed hy tha National Bureau of Standards. Coaftlned with 
tha cooparatlva a f forts of private Industry* tha SuOcosssf ttee's recce*- 
aandatlons could help prevent tha causes of many structural failures. 

I would Ilka to express ay appreciation to the Many people In the 
design, fabrication, and construction Industries, wfto ere Identified 
In the report and «hc coopereted end assisted tha Subcecal t tee steff 
In devoiopfng the hearings, questionnaire, end report, and to Ronald 
«ll I Isms, Technical Consultant, who assisted the Su&cce**! f fee steff In 
prepereflon of the hearings, quest fonnalre, end report. 



Albert Gore, Jr. / 

Chairman 

Suoceewsf ttee on Investigations 




and Oversight 
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Mr. Gore. I would like to particularly commend Mr, Winn, the 
ranking minority member of the full committee, for his active par- 
ticipation and assistance during this investigation. 

It has lasted over two Congresses. We had a hearing in August 
1982 and, with the able assistance of Ron Williams of the full com- 
mittee staff, we have continued that investigation. The recommen- 
dations, I think, speak for themselves, and I would ask that it be 
approved. 

Mr. Fuqua. Without objection, the report is approved. 
Mr. Gore. Thank you. 

Mr. Fuqua. Without objection, there will be 3 days, until Tues- 
day at the close of business, for any minority, dissenting, or addi- 
tional views. 

Mr. Gore. 1 would also ask unanimous consent that the staff be 
allowed to make technical amendments to the report, and we will 
consult with the minority on those. 

Mr. Fuqua. Without objection. 

Mr. Gore. Thank you. 

Mr. Fuqua. The committee stands adjourned. 
[Whereupon, at 11:44 a.m., the committee adjourned, to recon- 
vene subject to the call of the Chair.] 
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